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EFFECT  GF  F(Ji<M  Or  SnCT  ulT  NaGAZINE  ON  Ji^ILLING  :?.4TE 


M.  A.  ChDrikashvili 


(North  Caucasus  >.inin<t  and  tallurpical  Institute, 
Fac'jitv  of  Sr-ecial  -,ec*ure  Cours®*^  on  Mining.) 


In  shot  drilling  on®  of  the  factors  influencing  the  drill¬ 
ing  rate  is  th®  form  of  the  bit  magazine  surplving  shot  to  the 
face.  There  in  as  yet  no  common  viewnoint  as  to  what  should  be 
the  form  of  the  shot  bit  magazine  and  how  this  form  denends  on 
the  drilling  and  onerating  conditions. 

The  most  diverse  forms  of  shot  bit  magazines  exist.  In 
nractice  square-edged  and  the  triangular  types  are  used,  being 
the  siraoler,  although  they  are  not  the  most  nrofi table. 

In  the  process  of  drilling  the  bit  magazine  fulfills  the 
role  of  feeder,  i.e,,  assures  the  striking  of  the  shot  on  the 
working  face  of  the  bit.  In  addition,  a  large  portion  of  the 
washing  liouid  entering  the  columnar  annular  space  passes  through  th 
magazine.  Increase  in  magazine  width  establishes  favorable  con¬ 
ditions  for  retention  of  the  shot  between  the  bit  face  and  the 
rock  face  due  to  decreasea  effect  on  the  shot  on  the  outgoing 
stream  of  washing  liquid,  and,  at  relatively  low  revolutions  per 
minute  of  the  drilling  shell,  leads  to  a  reduction  in  the  drill¬ 
ing  rate  due  to  the  decreased  working  area  of  the  bit  face. 
Therefore,  the  magazine  should  be  of  such  a  shaoe  v;hich  would 
permit  the  most  intensive  entrance  of  the  shot  under  the  bit  face, 
and  its  dimensions  would  assure  stability  in  oerforraance  and  a 
maximum  drilling  rate. 

It  is  also  necessary  to  take  into  account  that  with  in¬ 
creasing  performance  the  body  of  the  bit  wears  out  as  to  height, 
but  the  magazine  changes  its  own  form  and  sige.  This  last  fact 
adversely  affects  drilling  productivity.  Thus,  for  instance,  as 
wear  increases  in  the  bit  with  a  triangular  magazine  its  working 
area  (its  face)  is  increased,  and  the  specific  oressure  decreased. 
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Po  sustain  the  required  specific  pressure  it  is  necessary  gradual¬ 
ly  in  the  course  of  arilling  to  increase  the  axial  force  on  the 
rock  face.  However,  the  adjustment  of  specific  pressure  with 
specific  accuracy  is  difficult  to  achieve,  since  a  frequent 
change  of  load  adversely  affects  the  drilling  rate.  Accordingly, 
the  triangular  fora  of  the  magazine,  which  had  been  recommended 
by  S.  A.  Volkov,  V.  M.  Soltysh  /I, 2/  and  other  investigators  has 
lately  been  increasingly  replaced  by  the  square-edged  magazine. 

Such  a  magazine  has  both  a  parallel  axis  (straight  arm)  as  well 
as  an  axis  inclined  to  the  bit  axis. 

H.  I.  Blinov  /3/  has  suggested  a  right-angled  magazine 

positioned  parallel  to  the  axis  of  the  bit,  150-200  mm  in  height, 
and  with  a  width  equal  to  1/4  -  1/8  of  the  length  of  the  circum- 

lerence.  He  however  has  noted  that  at  the  identical  specific 
pressure  and  peripheral  velocity  an  increase  in  the  magazine  width 
produces  a  slowdown  in  drilling  rate.  However,  he  does  not  pre¬ 
sent  the  magazine  width  as  definite  functions  of  the  drilling 
parameters  in  his  studies. 

In  a  manual  /4/  it  is  recommended  that  the  shot  bits  v/ith 
an  arc-shaped  magazine  of  constant  cross  section  be  used,  suggested 
by  A.  N.  Kirsanov  /5/.  In  the  same  source  (Table  201,  page  332) 
are  offered  specific  peripheral  velocities  of  shot  bit  rotation 
depending  on  the  category  of  the  ores  being  drilled.  And  in  addi¬ 
tion,  the  peripheral  rates  of  bit  rotation  appear  to  decrease  with 
increase  in  ore  category. 

The  wddth  of  the  magazine  is  selected  as  constant  and  equal 
to  1/4  -  1/5  of  the  length  of  the  external  bit  circumference.  At 
the  same  time,  as  results  of  experimental  studies  of  many  investi¬ 
gators  have  shown  (I.  A.  Ostrou=hko,  L.  A.  Shreyner,  S.  A.  Volkov, 
V.  M.  Soltysh,  A.  K.  fvirsanov,  etc.)  the  drilling  rate  increases 
with  increase  in  the  revolutions  ner  minute  of  the  boring  shell, 
and  consequently  also  with  increase  in  peripheral  velocity.  A 
greater  working  area  of  the  shot  bit  face  also  entails  increase  in 
drilling  rate.  If  this  is  so,  then  the  width  of  the  shot  bit 
magazine  in  our  opinion  depends  on  th<*  perioheral  velocity  of 
rotation. 

V(hen  Jeep  geological  survey  holes  are  drilled,  v'hen  the 
durability  of  the  boring  instrument  does  not  permit  high  rates  of 
rotation  of  the  boring  s.’.ell,  in  practice  it  is  usual  to  use  stand¬ 
ard  shot  bits  with  wride  magazines  that  lowers  the  drilling  I'ate 
si gnificantly. 

I.  A.  Ostroushko  correctly  points  out  that  when  a  steady 
feed  shot  is  supplied  to  the  intei-nal  annular  space  of  the  bit  it 
is  possible  to  successfully  drill  even  without  a  magazine  /6/. 

Since  the  selection  of  the  optimal  forms  and  dimensions, 
depending  on  the  operating  conditions,  is  of  significant  practical 
and  theoretical  interest,  during  1961-1962  a  series  of  experiments 
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was  conducted  on  the  borin'^  stand  of  the  horth  Caucasus  Mining 
and  Metallurgical  Institute  using  bits  of  various  forms  and  maga¬ 
zine  sizes.  During  the  course  of  experiments  in  drilling  into 
ores  of  catec'ory  IX  bits  with  triangular,  trapezoidal,  and  right- 
angled  (parallel  to  the  axis)  magazines  were  used,  and  a  right- 
angled  incline  (at  various  angles  to  the  face)  magazines  as  well. 

During  the  laboratory  experiments  the  specific  pressure 
for  all  the  bits  was  held  constant  (35  kg/cm^).  The  magazine 
width  during  comparative  tests  varied  and  v;as  equal  to  1/3,  l/^» 
1/5,  1/6  and  1/8  of  the  circumference.  All  the  bits  had  the  same 
diameter,  equal  to  91  mm.  Drilling  was  carried  out  using  steel 
shot--chonped  straw  /sechka/  3*5  mm  in  size. 

Studies  revealed  that  the  best  choice  is  the  inclined  mag¬ 
azine  which  has  a  constant  right-angled  cross  section,  providing 
good  feeding  of  the  shot  at  relatively  high  peripheral  velocities 
of  the  bit  rotation  (Table  1).  This  phenomenon  apparently  is  due 
to  the  fact  that  the  slope  of  the  incident  side  of  the  magazine 
favors  direction  of  the  shot  to  the  face  part  of  the  bit. 

Since  the  shot  bit  v/hen  functioning  constantly  changes  its 
center  of  rotation,  and  its  rotation  rate  is  higher  than  the  speed 
of  the  pellets  along  the  circumference,  the  leading  side  of  the 
magazine  will  capture  the  pellets. 

A’hen  a  direct-line  magazine  is  used,  the  pel3et  colliding 
with  the  edge  of  the  leading  side  of  the  magazine  has  a  high 
probability  of  striking  again  in  the  radial  clearance  between  the 
bit  and  the  wall  of  the  slit,  while  with  an  inclined  magazine  the 
pellet  will  head  downward  in  the  direction  of  the  bit  face,  insur¬ 
ing  the  best  supply  of  shot  to  the  face  as  compared  with  the  di¬ 
rect-line  magazine.  In  drilling  it  is  necessary  that  the  shot  be 
always  on  the  face  of  the  well.  This  condition  is  observed  for 
limited  washing  (with  a  feed  rate  up  to  1,0  ra  per  one  cm  of  the 
bit  diameter)  and  low  peripheral  velocities  of  shot  bit  rotation 
0.6  m/sec, 

3ut  to  attain  high  passage  rates  drilling  must  be  carried 
out  under  forced  conditions,  i.e.,  at  high  peripheral  velocities 
of  bit  rotation,  high  specific  pressure,  and  intensive  washing. 
Under  such  conditions,  the  pellets  between  the  bit  and  the  wall 
are  moved  by  centrifugal  forces  (in  exiting  from  under  the  face) 
and  with  rotation  of  the  washing  liquid  lagging  somewhat  from  the 
bit. 

It  is  logical  to  assume  that  the  form  of  the  magazine  will 
be  the  most  acceptable  if  it  affords  prolonged,  at  definite  drill¬ 
ing  conditions,  residence  of  the  shot  in  the  magazine  slits,  i.e., 
during  its  fall  the  shot  is  found  between  its  front  and  rear 
edges,  but  the  trajectory  of  tfte  fall  of  the  shot  does  not  have  to 
cross  the  trajectories  of  all  the  points  of  the  leading  edge  of 
the  magazine.  Thus,  preceding  from  these  conditions  it  is  possi¬ 
ble  to  establish  a  relationship  between  the  form  of  the  magazine 
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Results  of  Laboratory  Tests  of  Bits  frcK  Mag&-  Table  1 
sises  of  Seyerai  Shapes  and  Widths.  Drilling  Done  on  Rocks  of 
Cstegory  IX  with  the  ZIF-300  Rig  at  about  700  rp*«  Water 
Rate  =  20  li/ain.  Specific  Pressure  »  35  kg/c*^. 


(s) 

4‘opMa  uaraiiiii.'i 

(b) 

lUiipiKia 

M3ra3uiia 

Kc). 

r  CKopofn. 

j(ll  MM  MUH) 

I  III4\  CK(>|K>C 

6y|vi! 

Ilpll  Of 
:iMX.  M 

IIH 

b|»)  A- 
ri  K 

■'  (d)' 

IlllUK'  kO|)(l- 
IIUK  lit)  1114- 

COIC. 

I<o'iMOAii,':w 

ll|MIX0.1k.l  .(.'I 

()ctir  n|'ii  ii.iiidce 
M:iia.utiiu  till 
UI4COTC  or  J(i<) 
JO  10  MM.  M 

i 

0.3s 

0.08 

0.S9 

1.8 

TfJ 

T^yroabiiijfi  uaraaHti 

2.6 

5.3 

8.9 

19.8 

54,3 

2.4 

(g)  To  ibc 

I- 

3.1 

6,5 

10,1 

17.3 

49.1 

2.6 

• 

1 

5  * 

3.8 

7.3 

12.1 

16. 1 

47.0 

2,T7 

e 

1 

"e  * 

4.4 

8.8 

132 

15.4 

43,5 

2.99 

• 

i 

8  ' 

5.1 

8,7 

12.4 

i 

15.3  1 

1 

38.7 

3.36 

^^P^nCUHCOHJIlMri 

Mai-aaKK 

I 

■3  • 

2.7 

1 

5.4 

9 

20.3 

Sl.O 

2.4 

To  )KC 

1 

T  * 

3.2 

6.5 

10,4 

18.2 

484 

2.68 

e 

l 

_  . 

3,8 

7.6 

1 

1 

12.3  ! 

1 

16.8 

47.3 

2.75 

e 

1 

6  * 

4.4 

8.7 

13,6 

15.7 

442 

2.94 

e 

1 

8  ’ 

55 

8.4 

12 

15.3 

39.0 

3,34 

fipanoyroabHUH 

MarasHii 

1 

T  * 

2.7 

5.2 

8,7 

1 

18 

53,0 

2,83 

To  we 

i  1 

T  • 

3.0 

6.1 

9.2 

17 

49.0 

3.06 

e 

3.8 

7.0 

9.8 

14.8 

47.1 

3.2 

• 

1 

6  * 

4.4 

8.5 

11.7 

!  14.3 

45.2 

342 

e 

1 

8  * 

5.0 

8.3 

i 

10.1 

132 

40.1 

1 

3,73 

mX-joiiiiufi  Mar33i!i( 

I  1 

3*  * 

2.8 

5.6 

9.3 

24.4 

51 

2.94 

To  we 

1 

T  • 

32 

6.8 

102 

22.7 

44.6 

346 

0 

i 

T  * 

3,9 

7.9 

12.9 

20.6 

44.1 

3,4 

• 

1 

T  * 

4.4 

8.8 

14.1 

18.5 

42 

1 

! 

3.57 

S 

1 

'8  ’ 

52 

8^ 

13.2 

17,1 

38 

3.95 

4 


Legend  to  Table  1:  a)  Fora  of  aagazine;  b)  Width  of  magazine; 
c)  Drilling  rate  (in  ma/min)  at  the  peripheral  relocities  listed, 
m/aec;  d)  Wear  of  bit  in  height,  mBv'iinear  aeter;  e)  Possible 
passage  per  run  whan  magazine  is  worn  in  height  froa  l60  to  10 
mm,  meters;  f)  Triangular  aagazine;  g)  As  above;  h)  Trapezoidal 
magazine;  i)  Square*angled  magazine;  j)  Inclined  magazine. 


and  drilling  conditions. 

Let  us  consider  the  iBovement  of  pellets  occurring  in  the 
bit  magazine.  Tne  pellet  is  under  the  influence  of  several  forces. 
Gravity  causes  the  fall  of  the  ueJlet  at  defirite  velocity,  which 
can  be  determined  by  the  Hittinger  /?/  formula 


U 


where  U  =  rate  of  pellet  drop,  cm/sec; 

-  coefficient  of  shot  form; 

S  =  average  diameter  of  shot,  cm; 

=  specific  gravity  of  the  shot  material ; 

*  soecific  gr  ivity  of  the  washing  liauid, 

Hov/ever,  the  ascending  flow  of  the  washing  stream  moves  nt 
the  velocity 


where  =  oump  productivity,  cn^/sec; 

F  =  area  of  annular  bit  well  walls. 

Then,  the  drooping  velocity  of  the  shot  decreases  to  the 
value  C  =  U  -  S. 

Under  steady-state  drilling  conditions  shot  hitting  the 
magazine  will  advance  downward  at  a  constant  velocity. 

The  washing  liquid  in  the  bore  hole  Jue  to  the  influence  of 
the  revolving  bit,  is  eiven,  simultaneously  with  a  translational 
movement  a  movement  along  its  circumference,  and  carries  away  the 
shot  in  the  magazine  at  a  peripheral  velocity  of  w.  The  peripheral 
velocity  of  the  shot  will  depend  on  the  viscosity  of  the  liquid, 
the  kind  of  flow  motion,  the  form  of  the  shot,  and  the  rotation 
rate  of  the  bit  itself.  At  certain  operating  conditions  the  peri¬ 
pheral  velocity  of  the  shot  as  an  approximate  function  can  be  rep- 
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resented  as  follows: 


-U'  =  /Cv^ . 

(h,7) 

where  K  =  variable  coefficient  taking  the  above  factors  into 
account  (K  l); 

V^=  peripheral  velocity  of  bit  rotation. 

Based  on  the  foregoing,  the  trajectory  of  shot  motion  in 
the  magazine  can  be  approximately  represented  as  the  inclined 
line  AB  (tig  l)  coinciding  with  the  direction  of  the  resultant  ve¬ 
locity. 

From  Fig.  1  it  is  clear  that  the  shot  A  when  falling  will 
be  in  the  magazine  only  for  the  case  in  which  any  point  of  its 
trajectory  does  not  emerge  beyond  the  limits  of  the  cut. 


Fig.  1*  Scheme  of  movement  of  shot  in  the  bit 
magazine. 


Let  us  consider  the  combined  position  of  the  shot  A  and  the 
cuts  of  the  me gazine  over  a  certain  interval  of  time  t.  If  for 
simplicity  of  calculation  we  take  t  =  1  sec,  then  the  shot  will 
appear  at  point  P,  after  this  interval  of  time.  The  leading  edge 
of  the  magazine  HH  shifts  to  the  position  To  observe  the 

condition  of  mutual  movement  of  shot  and  cut  iFig.  l)  it  is  neces¬ 
sary  that  the  shift  along  the  periphery  of  the  point  N  of  the  lead 
ing  edge  of  the  magazine  not  exceed  a  certain  value.  In  1  second 
the  point  N  moves  to  the  point  where  NN^  =  v,^.  In  Fig.  1  NN^  = 
BD.  Then  the  condition  for  shot  being  always  in  the  magazine 
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slots  can  be  expressed  mathematically  by 


(i,.n 

hut  BC  =  w  and  from  ^  ASD  ED  =  C  *  tft 
of  the  corresponding  values  in  equation 


(1) 


After  substitution 
we  have 


-f  £  •  tg  T  v,  . 


and  since  w  =  Kvj^,  Kvj^  +  C*tg  y  =  Vj^.  Hence  C  ' 

The  function  derived  allows  us  to  see  that  the  angle  of 
inclination  of  the  magazine  slits  to  the  bit  axis  is  directly 
proportional  to  the  perinheral  velocity  of  rotation  and  inversely 
proportional  to  the  falling  velocity  of  the  shot. 

Tnus,  with  increase  in  the  number  of  revolutions  per  minute 
of  the  boring  shell,  the  angle  of  inclination  of  the  leading  edge  •’ 
of  the  magazine  should  decrease,  since  y  =  90  -  ^  ,  i.e.,  the 
angle  f  must  be  different  for  the  various  rotation  rates,  other 
conditions  being  equal. 

For  verification,  a  series  of  experiments  were  perfor*ed 
using  bits  with  various  angles  of  inclination  (90®,  65®,  and  “5°) 
of  the  leading  side  of  a  magazine  of  right-angled  cross  section 
(Fig.  2).  With  increase  in  the  number  of  revolutions  per  minute 
of  the  boring  shell  from  3o  to  l40  rom,  a  signficant  difference 
in  the  drilling  rate  for  bits  at  various  angles  of  inclination 
of  the  leading  side  of  the  magazine  was  not  observed.  And  with 
further  increase  in  the  number  of  revolutions  ner  minute  in  the 
drilling  rate  the  difference  in  the  drilling  rates  was  clearly 
revealed.  For  bits  with  ^  =  65°  an  increase  i  the  drilling  rate 
v.'as  observed  (at  n  =  378  rpm)  as  compared  with  bits  with  =  90® 

amounting  to  and  to  27^  for  bits  with  ^  =  45^^.  Thus,  the 

best  suitable  angle  of  inclination  is  65°. 

Since  operations  under  laboratory  conditions  are  close  to 
those  observed  in  practice,  it  is  possible  to  recommend  for  prac¬ 
tical  use  magazines  with  an  angle  of  inclination  of  the  incident 
edge  to  r.he  face  equal  to  65®.  Here,  the  ontimad  dimensions  of 
the  magazine  width  as  a  function  of  the  peripheral  velocity  and 
the  bit  are  as  follows :  . 

0,4  —  0,6  MfSec  ^  r.D; 


•,61-0,8  Mls^  1^:0;  0,81  —  1,2  M/sec  -J  rD;  1,21  -  1,6  M/sec  r:D; 
1.6  M/Sec  J  r.D. 
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I  Flgur*  2.  Mechanical  drilling  rate  (in  cu/hr) 

I  as  a  fiuiction  of  the  rpn  of  the  drilling 

I  shell  (rpa)  for  different  slopes  ^  of  the 

leading  edge  of  the  aagazine.  The  bit 
diasater  3  91  u,  magazine  width  s  0,2  ji  0. 
LEGEND:  a)  ca/hr;  b)  rpa 


The  magazine  dimensions  suggested  refer  only  to  bits  with  a  flat 
working  face  and  an  outer  diameter  equal  to  91  mm. 

The  height  of  the  magazine,  in  our  opinion,  must  be  chosen 
as  related  to  the  category  of  the  ores  being  drilled.  From  the 
results  of  industrial  tests  (Table  2)  it  is  clear  how  the  bit  wear 
with  height  increases  and  the  passage  per  run  decreases  as  a  func- 
I  tion  of  the  category  of  ores  drilled.  Therefore,  in  drilling  ores 

■  of  category  IX  cuid  higher  shot  bits  with  a  magazine  height  of  POO 

i  mm  should  be  used.  Here  the  length  of  the  run  should  be  increased 

significantly.  And  when  drilling  ores  of  categories  lower  than 
IX  a  magazine  height  of  I60  mm  fully  insures  normal  passage  after 
*  the  run. 

The  investigations  conducted  with  bits  of  various  magazine 
widths  confirmed  the  relationship  that  with  increase  in  working 
area  of  the  face  the  drilling  rate  rises  (Cf.  Table  1).  This  ef- 
I  feet,  in  our  opinion,  is  explained  by  the  fact  that  with  decrease 

(in  magazine  width  the  area  of  the  face  increases,  i.e.,  and  the 
number  of  simultaneously  effective  shot  and  duration  of  contact 
of  the  bit  with  the  shot  is  increased. 


I 
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TABLE  2 

of  production  tests  of  bits  for  varioue  foraa  of 
aagazines. 


(a) 

<t>opM3  MarasHiia 

7^ 

u  ^ 

X 

^  «  , 

■7TT 

(d) 

• 

* 

(e) 

z 

5  J 

c  : 

*  0 
c 

C.2 

1  0  ^ 

1  ^  #: 

(g) 

npHMeNaiiiie 

•  =  1 
zk' 

os  0 

1 

2£ 

0  ^ 

cS 

s:  ^  > 
c  ^ 

2  c  * 

g’¥l 

0 

:  c  0 

1  X  a 

j 

1 

1 

i  2 

3 

4 

1  5 

1  6 

7 

(l)  IIOpOAM  Vill  KareropHH 


(h)  Tpojro.nbtinu 

4.7 

4.5 

o.% 

1.35 

29 

(  i  )  Tpaitemii-mi,iHn« 

4.3 

4.4 

1.03 

118 

27 

(  j  )  llpx'^oyro.ibiiaa  H  ocii 

4.r. 

3.6 

0.81 

73.4 

20,4 

(k)  H,1K30t!tl3() 

4.25 

4.9 

I.IC 

92.2 

18.9 

/' ..  TaSO  av,  oKpyA'iiaD 
CKO{H>CTh  K'OpOIIK'il 

M  ceK.  Uhipii'ia  Mnra- 

itiiia  --  r.D,  rav6Hii3  CKBa- 
b 

>  «nu  190  M.  CiaiiOK 
3«‘l*-C.'iO-A 


(jfl)  flopo.va  IX  KaTcroptiii 


(h) 

Tpi'Mo.ii.K.ia 

5.76  j 

:'.48 

(».  1:1 

1 

129 

.52  1 

|/>  .10  K\'  CM^  .  Oh'py.Kll.iM 

(i) 

Tp.iiiciDieiiii 

5.4.3 

2.5'. 

1 

0.17 

12.5 

49  ' 

1  CKi'piU’tl,  KopmiKII 

o.l.l  .W  (•-V.lllll|)l'll.l  M.11,1- 

(0) 

flpsMoyro.ibiiaa  '  ocii 

5..r) 

2.20 

0.41 

90 

41 

HIII.1  *  r./),  r.ivOiiii.i  cKiia- 
0 

Ck) 

MaK.ICtlKBO 

5.55 

1 

2.72 

0.49 

103.4 

3.S 

.370  M.  CiaiioK 
311«1>-I200A 

(o) 


(P) 


(n)  nopoflw  X  KaTcropiiM 


(h) 

Tpcyro.ii.HaR 

5.64 

0J6 

0,1.35 

74 

98 

p  :•  KC  CV*  .  OKpyWIiOR 

(i) 

TpancwicmuiMH 

5.37 

0.79 

0,147 

72,8 

92 

CKOpOCTb  Up.llIlCIIIIH  KO- 
pOHKII  0.61  M  Ci’K.  lillipil* 

iia  Maraaiiiia  rayOii- 

(j) 

npRMoyro.ibHan  !  ocn 

.5..54 

0.72 

0.1.3 

63.4 

88 

(k) 

HaKaoiii!3R 

5.57 

0.87 

0.156 

69.:. 

80 

1 

H.1  CKnaAHIIN  4W  M. 

CraiioK  3M4>-1200A. 

LEGEIiD;  a)  For*  of  magazine;  b)  Time  of  straight  drilling, 
hr;  c)  Passage  per  run,  meters;  d)  Mechanical  drilling 
rate,  m/hr;  e.)  Wear  on  bit  per  run,  mm;  f)  Wear  on  bit 
in  height,  am/linear  meter;  g)  Remarks;  h)  Triaagxilar; 
i)  Trapez:)idal ;  j)  Rectangular,  parallel  axes;  k)  In¬ 
clined;  1)  Category  VIII  rocks;  m)  Category  H  rocks; 
n)  Category  X  rocks;  o)  P  =  550  kg/peripheral  bit  Telocity 
=  1.3  m/sec.  Magazine  width  1/5  well  depth  =  190  m. 

Rig  --  ZIF-650A;  p)  ;  =30  kg/cm^,  peripheral  velocity 
of  bit  —  0.61  m/sec.  Magazine  width  1/6  ;tD,  well  depth 
-  370  m.  Rig  Zir-1200A;  q)  p  =  5  kg/cm^,  peripheral 
velocity  of  bit  rotation  -  O.61  m/sec.  Magazine  width 
Vo  jtD,  well  depth  -  44o  m.  Rig  ZIF-1200A. 
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CONCLUSIONS 


1.  Bits  with  incliawd  atagasine  of  constant  cross  section 
have  the  best  boring  qualities  coapared  to  other  forms  of  aaga- 
sines*  The  angle  of  inclination  of  the  aagasine  slots  depends  on 
the  peripheral  velocity  of  the  bit. 

2*  The  width  of  the  shot  bit  aagazine  aust  be  selected  in 
relationship  to  its  peripheral  velocity,  but  the  heigh t»-as  a 
function  of  the  category  of  ores  drilled  within  the  l60«200  aa 
limits. 
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LKViiL  TSEImCH  I1\  x’HE  SYSTEM  OF  LAYER  CAVING 


Ye.  L.  Bakhrushin 


(North  Caucasus  i^lining  and  Metallur.eical  Institute, 
Faculty  of  the  Exnloi tation  of  Mineral  Deposits.) 

(Article  written  under  the  supervision  of 
Prof.  N.  S.  Demin.) 


The  system  of  layer  caving  has  several  advantages  over 
other  systems  of  exploitation,  which  consists  of  its  high  extrac¬ 
tion  rate  and  low  imnoverishment  of  ore,  relative  fire-safety, 
etc.  However,  this  system  is  characterized  by  several  shortcom¬ 
ings,  the  chief  of  which  is  the  low  productivity  of  the  face  work¬ 
er.  The  main  reasons  for  this  lower  productivity  are  the  addi¬ 
tional  amounts  of  labor  spent  in  secondary  scraping  of  broken  ore, 
which  represents  15  -  20!^  of  the  total  outlays  in  working  the 
block. 

In  1939-19^0  a  variant  was  nroposed  using  as  the  stone  a 
level  open-cut  trench.  This  trench,  extended  to  the  heis’ht  of 
the  block,  completely  removed  the  necessity  of  double  scraping  of 
broken  ore,  improved  the  working  conditions  of  the  scraper  winch 
in  the  washed  layer  and  assured  continuity  in  cleaning  operations 
in  the  transition  from  the  overlying  layer  to  the  underlying.  The 
correctness  of  the  direction  chosen  in  the  designing  of  th°  layer 
stoning  system  was  entirely  confirmed  by  experimental  studies  con¬ 
ducted  on  several  copper-pyri te nines  of  the  Urals  and  Zolotushin- 
skiy  Polymetallic  Mines.  The  intensicy  of  block  working  here  was 
130-140  tons  per  24  hours,  which  exceeded  by  approximately  two 
fold  the  twenty-four  hour  output  at  the  existing  method  of  block 
exploitation  with  accumulated  workings.  The  productivity  of  the 
face  worker  in  the  system  of  layer  caving  using  the  level  trench 
was  3. 5-4. 5  per  shift,  or  30-35%  higher  than  the  previously 

applied  variants.  In  particular  blocks  the  face  worker  productiv- 
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ity  rose  to  7.0  per  shift  /l,2/.  Thus,  one  of  the  essential 
advantages  of  the  level  trench  is  the  high  labor  productivity  as 
the  trench  is  being  dug  through. 

However,  in  spite  of  the  fact  that  calculations  confirmed 
the  economic  value  of  using  level  trenches  at  an  angle  of  incidence 
of  ore  deposits  as  high  as  30?^  /3/,  they  have  thus  far  not  found 
broad  use  in  practice.  The  aonlication  of  the  variant  of  the 
layer  stoping  system  with  level  trench  in  the  mines  of  the  country 
is  purely  random.  Thus,  for  19o2  not  a  single  block  was  worked 
with  level  trenches  at  the  mines  Zolotushinskiy  and  Degtyarskiy 
by  the  mine  managements.  This  is  explained  mainly  by  the  fact 
that  the  method  of  bracing  level  trenches  has  until  now  been  in¬ 
sufficiently  developed.  When  applied  to  the  mine  "III  Internats- 
ional"  the  method  of  supporting  the  trenches  with  a  crib  proved 
to  be  a  failure.  Due  to  the  difficulty  in  disassembling  the  arrays 
of  crib  at  the  working  layer,  in  most  cases  they  were  left  in  the 
worked  out  spaces.  As  a  result,  under  the  pressure  of  the  caved 
country  rock, crushing  of  the  underlying  arrays  of  trench  support 
occurred.  Moreover,  the  arrays  of  supports  left  in  the  caved 
space  frequently  led  to  accidents  in  the  block. 

The  use  of  level  trenches  was  practiced  at  the  Zolotushin¬ 
skiy  ntine  entirely  without  bracing.  The  role  of  the  crib  in  this 
case  was  played  by  the  trench-stored  ore  which  was  exposed  as  the 
layers  were  worked.  However,  in  spite  of  the  stability  of  the 
ore,  in  this  case  rupture  in  the  trench  walls  were  observed  that 
haunpered  further  cleaning  of  the  excavation  area. 

At  different  times  methods  for  bracing  the  level  trenches 
with  square  lining,  metallic  and  reinforced  concrete  crib  have 
been  proposed,  however  the  methods  found  no  practical  use  because 
of  their  complexity  and  laboriousness. 

One  of  the  reasons  for  the  limited  accepteince  of  the  level 
trenches  in  the  practice  of  the  layer  caving  system  is  their 
limited  discussion  and  popularization  in  scientific  emd  technical 
literature.  Therefore,  v/e  believe  it  important  in  this  article 
once  again  to  dwell  on  this  question,  considering  mainly  the  method 
of  bracing  the  trench. 

Bracing  of  level  trenches  should  satisfy  the  following  main 
requirements:  sustaining  of  the  lateral  pressure  of  the  trench 
v-’alls  with  a  1.5-2-fold  strength  margin;  to  be  simple  in  manufac¬ 
ture,  installation,  emd  disassembly. 

For  the  proper  selection  of  the  form  and  design  of  the 
level  trench  supports  approximate  calculations  of  rock  pressure  on 
its  crib  will  be  carried  out.  For  this  purpose  we  used  the  data 
of  Prof.  i?.  M.  Tsimbarevich  /4,  page  6?/,  which  defines  the  lateral 
pressure  on  the  excavation  wall  as  the  value  of  the  effective  pres¬ 
sure  on  the  supporting  wall  of  the  slipping  prism  klm  loaded  from 
above  (Fig.  1).  T^e  height  of  the  prism  in  this  case  is  equal  to 
the  height  of  the  trench,  and  the  slipping  angle  of  the  prism 
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FIGURE  1.  Scheme  by  which  rock  pressiixe  on  the  crib  of  the  level  trench 
is  determined. 


6  = 

where  ^  =  angle  of  internal  rock  resistance,  desrrees. 

•The  value  of  the  effective  pressure  on  the  side  of  the 
slipping  prism  oer  linear  meter  of  trench  length  is 


U  -  ~(2  /r„  -'rh)h  ■  tg 


where  R  =  effective  pressure  on  the  side  of  the  slipping  prism, 
ton/m ; 

y  -  weight  by  volume  of  the  ore  in  which  the  trench  was 
'  cut,  ton/m^: 

I 

riQ=  height  of  the  prism  loaded  from  above,  reduced  to  the 
weis'ht  by  volume  of  the  ore  "y  ,  m; 

=  trench  height,  m. 
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In  turn,  the  quantity 


,  «  ■  h.  ‘  .=» 

h  1l  . _ _  2 

*f«  -  — — : — r— — — 

^  ‘n  ?, 


where  Yi  =  weight  by  volime  of  the  caved  i-ock,  tone/n; 

^  =  half  width  of  trench,  m; 

p,  =  angle  of  internal  friction  of  caved  rock,  degrees. 
Values  of  effective  pressure  per  1  trench  applied  tc 
center  of  gravity  of  the  trapeaium  in  the  stress-strain  diagram 


P  = 


h  • 


Let  us  determine  the  values  of  the  effective  pressure  per 
1  of  trench  wall  as  a  function  of  ore  thickness  under  the  fol¬ 
lowing  conditions:  trench  height  =  45  m;  trench  width  =  1.6  m; 
weight  by  volume  of  ore  =  3*8  tons/m^;  weight  by  volume  of  caved 
rock  =  2.0  tons/m^;  angle  of  internal  friction  of  caved  rock  = 
22’'15*. 


The  results  of  the  calculations  are  presented 
and  depicted  in  Fig.  2.  As  we  can  see,  the  pressure 
trench  well  is  a  very  small  quantity  even  under  lean 
tions. 


in  the* table 
on  1  of 
ors  condi- 


FIGUHE  2.  Pressure  on  crib  of  layer  trench  as  a  function  of 
thickness  f  of  the  rock.  Cross-hatched  portion  s;  region  of 
rational  use  of  the  layer  caving  system.  LEGEND:  a)  P,  t/m^. 

The  stress-strain  diagram  in  Fig.  1  reveals  an  increase  in 
the  load  at  the  trench  base,  but  even  a  maximxim  load  at  the  level 
of  the  haiilage  horizon  does  not  exceed  1.0  -  1.5  tons/m^.  For 
comparison  we  will  determine  the  permissible  load  on  a  cross  brac¬ 
ing  using  the  formula  suggested  by  Prof.  R,  M,  Tsimbarevich  /4, 
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p3-2:e  237/  for  mining;  cribs 

•<i  ‘  i-.‘ 


P 


here  n  =  D^rmissible  loa:^  on  cross  hracir.g;,  ks-; 

=  critical  compression  stress,  k;^/cm^;  ^ 

F  =  area  of  cross  bracin.:  cross-section,  cm  ; 
^  =  safety  factor  (k  =  1.5  -  2). 

The  critical  compression  stress  is 


CCr  *  .M  ' 

where -£  =  len,^th  of  cross  oracini^,  cm; 

/  =  radius  of  inertia,  v/nich  for  a  circular  cross  section 
is  taken  eaual  to  d/n; 

C./  =  jiameter  ol  cross  brae  Inc,  C’". 

If  we  take  i  =  15/*',=  ?.75,  C^p  =  ?2C  -  1  .  (l60/^75)  = 

156  kg/cm^ ,  and  F  =  177  cm*“ ,  fhen  th'>  por'^iissible  load  on  the  cross 
bracing  is  p  =  13.8  tons. 

It  is  natural  that  with  such  a  relationship  of  the  actual 
and  permissible  loads  on  the  cross  bracinp,  the  use  of  continuous 
cribs  for  reinforcing  the  level  trench  can  by  no  means  be  justified. 
As  it  is  known,  the  use  of  this  form  of  suonort  is  advisable  under 
conditions  of  intense  rock  pressure.  Under  conditions  we  ar^  con¬ 
sidering,  when  even  for  low  ore  thickness  the  pressure  on  Ira*^  of 
trench  is  less  than  1/8  of  the  permissible  pressure  of  the  cross 
bracing,  the  use  of  cribbing  will  inevitably  entail  much  extra 
outlay  in  labor  and  mine  timber,  but  also,  as  was  indicated  above, 
will  lead  to  additional  complications  in  block  v/orking.  Therefore, 
we  believe  that  cribbing  is  not  practical  in  supporting  level 
trenches  and  cannot  be  recommenced  for  practical  use  in  the  system 
of  layer  stoning. 

V;hen  we  consider  the  relative  simplicity  in  the  raising  of 
oeam  supports,  v/e  cannot  avoid  dwelling  on  the  juestion  of  the 
possibility  of  its  use  in  bracinm  trench  walls.  From  Fig.  1  it 
is  clear  that  beam  cribbing  can  resist  pressure  from  the  side  of 
the  slipping  prism  only  in  the  case  when  the  lock  of  the  beam 
emerges  beyond  the  slipping  line  km.  To  observe  this  condition 
the  average  length  of  the  beam  must  lie  within  the  limits  of  3  m, 
and  for  the  first  layers  excavated  —  6  m.  It  is  natural  that 
bracing  of  walls  by  beams  of  such  length  for  a  trench  with  1.6  m 
will  prove  to  be  wholly  impossible.  Thus,  the  beam  cribbing  can 
be  used  only  in  bracing  separate  local  breakdowns  in  the  trench 
walls. 
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In  bracing  level  trenches  under  conditions  of  low  rock 
pressure  we  believe  it  possible  to  use  a  cross  bracing  with  wooden 
frames.  The  distances  between  the  frames  in  the  vertical  row  is 
1  m,  judging  from  the  normal  height  of  measuring  tape.  The  dis¬ 
tance  between  the  supports  of  one  frame  is  taken  as  2  m.  The 
frames  forming  ore  chute  sections  of  the  trench  are  strenghthened 
with  additional  supports  in  order  to  prevent  breakthrough  of  the¬ 
orem  and  are  covered  from  within  and  without  by  boards.  The  dis¬ 
tance  between  the  ore  chute  section-3  is  taken  as  equal  to  6  m 
(Fig.  3)*  In  this  case,  the  largest  area  per  single  stand  is  3»5 
m^  and  the  pressure  on  it  at  a  thickness  coefficient  4  according 
to  the  scale  of  Prof.  M.  M.  Protod 'yakonov  is  equal  to  4-6  tons, 
which  is  considerably  below  the  permissible.  Ac,  we  can  see,  such 
a  form  of  bracing  proves  to  be  reliable  enough  under  level  trench 
conditions  and  is  the  simolest  and  most  feasible. 

2  TABLE 

;sure  Per  One  m  of  Trench  Wall  as  a  Function  of  Ore  Thickness 

(c) 


(a) 

/ 

(b) 

? 

ilaB-icHiie  Ha  ociikj- 
TpaHiiiCH,  m 

(  ^  ^  Ha 

1  nor.M 

(e), 

.•a  1  M’ 

4 

60' 

36.2 

O.bO 

7 

82^30' 

J8.f. 

0.41 

12 

M»15' 

11.3 

0.25 

16 

85" 

1 

9.0 

0.20 

LEGEND:  a)  f,  thickness;  b)  angle  of  internal  friction  of  caved  rock; 
c)  pressure  on  trench  wall,  tons;  d)  per  one  running  liter;  e)  per  one 
meter 


Cutting  of  the  ^rench  is  done  by  the  usual  method  accord¬ 
ing  to  the  diagram  with  the  storing  of  broken  ore  (Fig.  4).  To 
protect  the  cross  cut  of  the  haulage  horizon,  a  pillar  2.5  m  high 
is  left  above  it,  through  which  6  m  of  ore-recovery  ramps  are  cut. 

In  the  cutting  one  should  give  special  attention  to  produc¬ 
ing  smooth  trench  walls  unbroken  by  the  effects  of  exolosion. 

This  can  be  achieved  b a  certain  increase  in  the  number  of  shap¬ 
ing  blast  holes  with  a  simultaneous  decrease  in  the  weight  of 
charge  in  each  blast  hole.  For  this  puroose  the  horizontal  loca¬ 
tion  of  blast  holes  in  the  face  of  the  broken  layer  is  recommended. 
It  is  natural  that  this  will  result  in  a  certain  lowering  of  the 
labor  productivity  in  the  cutting  of  the  trench.  However,  one 
should  remember  that  the  trench  is  not  a  cleaning  face  (although 
it  resembles  such),  and  in  this  case  a  lowered  productivity  will 
be  justified  by  the  high  reliability  of  trench  use  during  the  en- 
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(c)  (a)  Paspes  £f-i3  (b) 


FIGURE  3-  Design  of  level  trench  crib.  LEGEND:  aj  Section  lii-ill; 
b)  Section  I-I;  c)  Protective  shelf;  d)  Tramming  level;  e)  Section  II- 
II;  f)  Ore  chutes 


tire  neriod  of  the  block  working. 

Drilling  is  carried  out  by  souads  of  workers  positioned  on 
the  cross  bracing  supcorts  shielded  bv  a  protective  shelf.  During 
operations  it  is  necessary  to  regularly  check  the  verticalness  of 
the  trench  walls  with  a  nlumb.  The  bracing  of  the  trench  is  car¬ 
ried  out  as  it  is  being  cut.  The  crib  elements  of  necessary  sizes 
are  prepared  at  the  surface.  Assembling  the  c^oss  bracing  ‘..'i  th 
the  surportinfT  oeam  (which  in  this  case  is  understood  to  be  the 
vertical  element  in  the  crib  frame)  i.a  done  on  the  one  hand  ’‘in 
mortise"  and  on  the  other--"in  corral".  The  verticalness  of  the 
crib  installation  is  checked  by  a  rlumb  line. 

V.hen  the  trench  is  beins?  cut  its  extreme  section  is  equipped 
as  the  passageway  ard  i^;  used  for  access  to  the  main  haulage  hori¬ 
zon.  The  ore  broken  in  the  rutting  of  the  trench  remains  stored 
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V. 


FIGURE  4*  General  scheme  of  passages  of  level  trench 


and  receives  some  of  the  pressure  from  the  trench  walls.  As  the 
layers  are  worked  the  excesses  of  this  ore  are  sent  through  the 
ore-recovery  sections. 

The  proposed  method  of  br-icing  was  t'^sted  rn  the  working 
of  molybdenum  veins  at  the  Daveniinskiy  denosit  using  the  sy'^tem 
of  stored  ore  and  cross  bracing,  and  the  method ccrapLetely  justified 
itself  /5/. 

Let  us  determine  the  productivity  of  the  face  worker  in  the 
cutting  of  the  trench.  For  this  we  will  use  the  well  known  for¬ 
mula 


^6yp  ^.(1 

where  ^  =  productivity  of  face  worker  in  cutting  the  trenches, 

^  tons/shift; 

=  productivity  of  drillraan,  tons/shift; 

(O  =  productivity  of  timberer,  tons/shift. 

Using  the  numerical  data  in  /6/:  =  29.6  tons  per  shift, 

aitp  =  196.0  tons  per  shift,  productivity  of  face  worker  is  found 
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to  be  ?.56  tons  oer  rbift. 

The  actual  rroiuctivity  wil]  be  somewhat  lower  due  to  the 
restricted  cross  section  of  the  lace  and  the  increased  number  of 
spurs.  Taking  the  reduction  ir  rroductivity  tentatively  as  15^, 
we  obtain  a  productivity  of  the  face  worker  in  cuttins*  the  trench 
of  21.3  tons  per  shilt,  which  is  more  than  twice  as  high  as  in 
the  cutting  of  accumulating  workings. 

Cone"*  usions. 

1.  The  reinforcing  method  of  level  trenches  using  cribbins- 
applied  earlier  under  low  rock  pressure  conditions  is  piainlv  un- 
ad  vi  sable. 

2.  The  beam  bracing  of  the  trench  walls  cannot  be  recommend¬ 
ed  since  it  is  not  sensitive  to  the  load  of  the  slinning  nrism. 

3.  Cross  bracing  in  the  variation  proposed  is  a  fully  reli¬ 
able  form  of  level  trench  cribbing. 
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rHEi^MAL  CALCULATIONS  uF  LOCaL  COOLINC  OF  AIR  IN 
CLEAI'ilNG  FACr-S  USING  MOBILE  AIR  CONDITIONERS 


G.  V.  Duganov  and  V.  N.  Kukharev 


(Dnepropetrovsk  Mining  Institute, 
Faculty  of  Mine  Ventilation. ) 


Stemming  from  the  increased  depth  of  mining  operations  in 
several  metal  mines,  as  for  example,  at  the  Sadonskiy  polymetallic 
pits,  a  need  has  arisen  to  regulate  the  thermal  conditions  in 
cleaning  and  preparatory  faces.  Cne  of  the  most  effective  and 
universal  methods  of  such  control  is  the  use  of  artificial  cool¬ 
ing  of  fire  damp  by  means  of  mine  refrigerating  equipment. 

However,  this  method  is  best  applied  only  in  the  case  when 
further  increase  in  volume  and  flow  of  the  air  entering  the  work¬ 
ings  becomes  economically  unprofitable,  or  when  the  measures  do 
not  achieve  the  required  effect  cf  cooling  the  mine  atmosphere. 

In  several  cases,  natural  sources  of  cold  have  been  used  with 
success  in  cooling  fire  damn,  as  for  instance,  the  air-cooling  in¬ 
stallation  Sadonskiy  pit,  working  on  the  basis  of  the  cold  melted 
waters  of  glaciers  /l/. 

Analysis  of  the  methods  and  means  for  conditioning  fire 
damp  used  in  mines  of  the  USSR  and  abroad  shows  that  in  the 
great  majority  of  cases  the  most  economic  method  is  the  local 
cooling  scheme  using  underground  refrigerating  installations  /2/. 
Scientific  studies  conducted  by  the  Dnepropetrovsk  Mining  Institute 
/Dnepropetrovskiy  gornyy  institut;  DOI)  revealed  that  in  a  large 
number  of  cases  the  cooling  air  enter:ing  to  air  out  the  cleaning 
faces  (blocks,  lava,  chambers)  can  be  expeditiously  produced  by 
mobile  refrigerating  installations  (mine  conditioners)  of  KPSh 
type,  of  the  Dongiprouglemash  design  /5/.  These  installations  are 
used  for  lowering  the  air  temperature  in  the  faces  of  preliminary 
workings,  but  as  proven  by  calculations  and  materials  of  mining 
measurements,  tney  can  be  successfully  applied  also  in  cleaning 
faces  of  metallic  pits  and  coal  mines. 
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Use  of  the  mine  mobile  conditioners  is  envisafjed,  for  ex- 
eraole,  in  cooling  air  at  deen  levels  of  the  Sadonskiy  mine,  where 
the  potential  reserve  of  a  natural  source  of  cold  in  melted 
glacier  waters  will  be  insufficient.  .‘Studies  in  this  direction 
were  conducted  in  the  Sadonskiy  mine  by  DGI  in  1962.  A  similar 
scheme  of  fire  damp  condi tioninij  in  cleaning  faces  (lavas)  is 
also  planned  by  the  Institute  Dneorogiproshakht  for  the  mines  imeni 
Artem,  imeni  Dzerzhinskiy ,  and  others  in  the  Tsentral'nyy  Rayon 
of  the  x)onets  Basin  /2/. 

The  scheme  of  local  conditioning  using  mobile  conditioners 
has  significant  advantages  as  compared  with  the  central  and  semi- 
central  scheme  of  the  distribution  of  refrigerating  installations 
in  mines  which  have  a  great  dispersion  of  mining  ooerations,  since 
in  the  use  of  mobile  conditioners  the  necessity  of  carrying  out 
ventilation  diggings  is  eliminated — for  collectors  used  in  the 
concentrated  supply  of  air  to  the  cleaning  faces  of  several  blocks 
(.recovery  sections). 

The  essentials  of  the  scheme  of  local  coolinm  of  firedamp 
mobile  conditioners  consists  of  the  following.  A  conditioner  is 
placed  in  a  broadened  area  of  the  haulage  drift  near  a  cleaning 
block  (Fig.)  and  as  the  cleaning  face  continues  to  be  advanced  to 
more  than  15O  m  away,  the  conditioner  is  shifted  to  a  closer  loca¬ 
tion. 


(b 
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FIGURE.  Design  soheme  for  air  cooling  in  a  cleaning  face.  LEGEND: 
a)  Moveable  air  conditioner;  b)  To  deeming  face;  c)  Hot  air; 
d)  Cooled  air;  e)  Mixture  of  hot  and  cooled  air 


For  a  smaller  change  in  distance  from  conditioner  to  tne 
face  the  length  of  airline  through  which  the  cool  air  passes  to 
the  cleaning  block  or  longwall  is  extended.  Only  part  of  the  air 
admitted  to  the  face  is  cooled  (namely  the  portion  which  passes 
through  its  air  cooler),  and  is  compressed  by  an  auxiliary  fan 
through  the  flexible  airline  to  the  lower  part  of  the  blind  pit  of 
the  block  or  the  recovery  furnace  of  the  longwall.  Then  the  cooled 
air  is  mixed  with  its  incooled  part  so  that  the  temperature  of  the 
air  mixture  corresponds  to  the  given  air  temperature  at  the  face. 
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The  authors  of  this  article  have  developed  a  method  for  cal 
culating  the  required  cold-productivity  of  the  installation  for 
local  cooling  of  air,  taking  into  account  the  variation  of  para¬ 
meters  of  the  ventilation  stream  as  various  factors  act  on  it, 
which  should  above  all  include:  difference  in  temperatures  of  the 
rock  massiv  and  the  ventilation  stream;  heat  emission  in  the  func¬ 
tioning  of  the  equipment;  heat  exchange  between  the  cooled  and  un¬ 
cooled  air;  heat  increases  due  to  friction  of  the  air  in  the  pines 
heat  emission  in  the  operation  of  the  fan  and  from  other  sources. 
The  method  of  calculation  is  marked  by  simnlicity  and  fully  satis¬ 
fies  the  requirements  of  accuracy  in  engineering  calculations. 

The  cold-productivity  of  the  installation  Qq  is  determined 
from  the  formula 


Qo~  > 


(1) 


where  G 


1,  lx 


t, 

The  value 


=  tiven  quantity  of  air  subject  to  cooling  in  the  con¬ 
ditioner,  kg/hr  (usually  6000-10,000  kg/hr); 

=  enthalpy  of  the  air  before  and  after  cooling,  corre¬ 
sponding  to  the  temperatures  tj  and  kilocalories/ 
kg; 

=  temperature  of  air  in  the  stope  in  front  of  the  air 
cooler,  determined  by  the  method  of  direct  thermal 
calculation,  ®  C  /2/; 

=  temperature  of  cooled  air  upon  leaving  the  conditioner 

°  C. 

of  can  De  calculated  from  the  following  exnression: 


(2) 


where  t^  =  air  temperature  at  end  of  airline,  °C ; 

A<  ^  \  ^  ^  ^  2.  _ _ i _  ^  ^  X*  '  _  _S  ' 


- 

/It ,p  - 


increase  in  temperature  of  firedamp  in  the  fan,  °C; 
increase  in  temperature  due  to  friction  of  air  against 
the  walls  of  the  airline,  °C; 


=  increase  in  temperature  due  to  heat  exchange  between 
the  cooled  air  in  the  pipeline  and  the  uncooled  air 
in  the  stope,  ®C. 

The  temperature  of  the  air  entering  into  expression  (2)^ 
is  found  from  the  heat  balance  equation 
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t 


where  G , 


'A 


t 


fw 


total  amount  of  air  admitted  for  ventilation  of  the 
Longwall  (cleaninjr  block),  kf^/hr  ,* 
amount  of  air  passing  through  the  stope  (bynassing 
the  conditioner),  kg/hr; 

temperature  of  the  mixture  of  air  cooled  in  the  C'^n- 
ditioner  and  admitted  for  ventilation  of  the  clean¬ 
ing  face;  determined  by  the  method  of  inverse  ther¬ 
mal  calculations  /2/,  the  temperature  arp]icable  to 
conditions  of  th«  Sadonskiy  mine  is  taken  as  equal 
to  +25^  C; 

‘■p  =  tern -lerature  of  air  in  stone  (before  mixing)  /See 

I'.ote/,  ^C. 

(/Note/  The  air  temperature  in  the  excavations  ventilatea 
for  uo  to  one  year  was  determined  by  thermal  calculations  using 
the  method  of  0.  A.  Kremnev  /2/,  while  for  excavations  in  which  the 
length  of  the  ventilation  nioeline  was  short  (un  to  25  m),  is  taken 
as  equal  to  t, . ) 


The  increase  in  temperature 
is  determined  by  the  formulas  /3/.' 
For  ax?  al  f ans 


IS  t 


E. 


y 


of  the  air  in  the  fan 


M  V  '  ' 


10 


-3 


For  centrifugal  fans 


“  9.8  "  -  l)l0-’+  7.5  /7„  •  10- 

where  H  »  total  pressure  of  the  fan,  mmHgO; 

y  =  specific  gravity  of  the  air,  kg/cm^; 

=  static  pressure  of  the  fan,  ma/Hg; 
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yi  =  overall  efficiency  of  fan; 

7^  =  efficiency  of  electric  motor. 

^he  increase  in  air  temperature  due  to  friction  against  the 
walls  of  the  airline  is  about  one  degree  and  can  be  calculated 
from  the  formula 


^  A _ _  .  (y\ 

10ix3«)0  7  Cj,  *’ 

2/3 

where  Ri^  =  resistance  of  1  linear  meter  of  airline,  kg* sec  /m-^; 

=  amount  of  air  passing  through  the  airline,  mvsec; 

Y  =  specific  gravity  of  air,  kg/m^; 

Jt  -  length  of  airline,  m. 

The  quantity  calculated  according  to  formula  (3)  has 

some  additional  value  in  the  air  temperature  increase,  since  here 
the  cooling  action  of  air  seeping  through  the  leakages  in  the  air¬ 
line  connections.  However,  the  error  in  this  case  does  not  exceed 
5%,  which  is  quite  permissible  for  ventilation  calculations. 

The  increase  in  temperature  due  to  heat  exchange  between  the 
cool  air  in  the  pipeline  and  the  uncooled  air  in  the  workings  is 
determined  by  the  formula 


G^c^K  2  2  r 


where  =  heat-transfer  surface  of  airline,  m  ; 

heat-transfer  coefficient  from  the  wall  of  the  air¬ 
line  to  air,  kilocalories/m^*hr*deg  (taken  from 
handbook  data  in  special  literature,  for  example, 

A/,  etc.); 

tp  +  temperature  in  airline  after  pass¬ 

ing  through  the  fan,  ®C. 

Placing  the  values  of  the  quantities  obtained  tj,  A  tg ^  , 

At.fp  ,  and  Atf,  c  ill  formula  (2)  and  carrying  out  simple  trans¬ 
formations,  we  obtain  the  final  formula  for  determination  of  air 
temperature  after  passage  through  the  air  cooler 


: 


’2  = 


1 ^  ^ ^ -  A  g  -  A  , 


where  B = 


F^k 
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If  the  Talue  of  Qq  calculated  by  formula  (1)  exceeds  the 
cold-productivity  of  1  ^Sh  conditioner  (Qq  *  90,000  kcel/hour), 
then  in  this  case  coupled  operation  of  two  conditioners  on  a 
single  air  conduit  can  be  carried  out;  here  a  series  of  parallel 
scheme  of  conditioner  operation  is  possible. 

Under  otherwise  equal  conditions  preference  must  be  given 
to  the  scheme  with  parallel  arrangement  of  conditioners,  since 
in  this  case  the  aerodynamic  drag  of  the  installations  and  the 
extent  of  air  cooling  is  considerably  reduced,  compared  with  the 
series  operation  of  conditioners. 

The  series  performance  of  conditioners  can  be  recommended 
for  a  relatively  small  amount  of  air  entering  the  cleaning  face 
(2.5  -  ^*0  m^/sec)  and  in  the  presence  of  a  higher  high-pressure 
auxiliary  fan. 
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APPLICATION  OF  THE  TEMPLATE  AMD  FOR  TRANSFER  OF 
INDICATOR  DIAGRAMS  RECORDED  SY  THE  MAI''2  INSTROMEIIT 
TO  THE  SYSTEM  OP  P>V  COORDINATES 


M.  M.  Barannikov 

Moscow  Institute  of  Steel  and  Alloys, 
Faculty  of  Mining  Mechanization 


The  MAI-2  stroboscopic  indicator  penaits  the  recording, with 
high  accuracy,  of  indicator  diagrams  in  investigating  piston  machines 
and  in  particular,  piston  compressors  as  the  function  of  the  angle  of 
rotation  of  the  compressor  crankshaft  in  the  coordinates  ^  ~ 

(Figure  1).  For  analysis  of  coapressor  operation  it  is  necessary  to 
have  indicator  diagrams  in  the  coordinates  pressure  -  stroke  (P  -  V). 


FIGURE  1.  Indicatorgdiagram  of  compressor  in  the  coordinates  P  -  ^ 
LEGENDi  a)  1  kg/cm  ;  b)  Atmospheric  pressure  line;  c)  Dead  point 

line;  the  present  article  /See  Note/  we  consider  the 

question  of  how  to  reconstruct  indicator  diagrams  recorded  by  the 
MAI-2  instrument  from  P  -  f  coordinates  to  P  -  V  coordinates  using 
specially  prepared  template  and  grid. 

/NOTE/  Scientific  leader.  Professor  V.  I.  Kiselev,  (Doctor 
of  Technical  Sciences) . 
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For  this,  it  is  first  of  al3-  necsssary  to  calculate  the  piston 
displacement  as  the  function  of  the  angle  of  crankshaft  rotation. 

/See  Note/.  According  to  Figure  2,  the  piston  displacement  has  the 
function  of  ancle  of  crankshaft  rotation  can  be  determined  by  the 

(l~coSf)  >.(l  I -^1  -^*,sin'  f)  . 


formula  ^ 

s  =  /? 


where  s  piston  displacement,  mm; 

R  »  radius  of  crank,  mm; 

X  »  ratio  of  length  of  connecting  rod  to  radius  of 
crank 

f  =  angle  of  rotation  of  crank,  measured  from  upper  dead  point 
in  the  direction  of  rotation; 

L  »  length  of  connecting  rod,  mm. 


0mm 

FIdURE  2.  Scheme  of  compressor 
for  determination  of  s  =*  f  (y). 


(/note/  B.  G.  I.  Librovich,  S.  N.  Poznyakov,  Teplovoznyye 
dvigateli  /Diesel  Locomotive  Engines/,  ONTI,  1957.) 

The  piston  displacement  as  a  function  of  the  angle  crankshaft 
rotation  for  the  compressors  most  widely  used  in  mining  is  shown  on 
the  table. 


Movement  of  Piston  as  a  Function  of  Angle  of 
Rotation  of  Compressor  Crankshaft _ 


(a) 

(b) 
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30 
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ly) 
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40 
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42.20 

77.20 

140 
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272.00 

•19.S.Vt 

50 

43.12 

03.80 

1  lf...5<) 

150 

1  V.».74 

2'4.00 

520.80 

eo 

59.49 

8S.10 

161.00 

1*0 

195.13 

292.90 

.5  17.00 

70 

76.99 

111.00 

208.50 

170 

19,S..S5 

2'»8,.30 

.516.70 

80 

S4.95 

140.>.0 

257.«'>0 

180 

200.0J 

OOO.Ol 

550.00 

90 

112.70 

167.50 

300.20 

— 

- 

LEGEND:  a)  Degrees;  b)  mm 


For  reconstruction  of  the  indicator  diagrams  it  is  necessary 
to  prepare  a  template  and  grid.  The  template  can  be  made  moat 
conveniently  from  transparent  organic  glass  360  x  180  mm  in  size.  The 
template  dimensions  are  determined  by  the  diameter  and  %d.dth  of  the 
indicator  drum  of  the  MAI-2  instrument.  The  diameter  of  the  indicator 
drum  is  prepared  sc  that  its  circumference  is  equal  to  360  mm,  i,  e., 
each  millimeter  of  the  diagram  corresponds  to  one  degree  of 
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craakthaft  rotation.  The  vidth  of  the  indicator  drun  la  ISOan.  The 
pattern  la  carried  out  aa  followa:  Along  Ita  center  (Figure  3)  the 
llnea  ab  la  drawn,  then  on  both  aldea  of  It  llnca  are  drawn  at 
equal  Intervale  (R  Figure  3,  each  10°)  parallel  to  llnea  ab  all  along 
the  teoplate.  Tha  line  I  •  I  la  drawn  perpend lcu.^«r  to  llnea  ab  at 
a  dlatance  of  10  an  fron  the  lower  margin  of  the  template,  and  70  an 
from  line  I  «  1  line  II  •  II  la  drawn. 

The  extenalon  of  two  llnea  on  the  template  la  dictated  by  the 
following  fact.  The  MAI *>2  Indicator  la  dealgned  alaniltaneoualy  to 
record  the  diagram  fron  the  cylinder  Interior  at  the  flrat  and 
aecond  compreaalon  atep  In  different  acalea.  For  dlagrama  recorded 
from  the  cylinder  Interior  at  the  flrat  atep  a  acale  la  uaed  In  which 
the  line  of  ataraapherlc  preaaure  la  approximately  bO  on  fron  the  edge 
of  the  diagram  (aee  line  of  ataoapherlc  preaaure  in  S  Figure  1) ,  and 
for  diagranii  recorded  fron  cylinder  interlora  at  the  aecond  atep, 
the  atnoapherlc  preaaure  line  la  located  alnoat  along  the  nargln  of 
the  diagram.  Hence  It  la  obvloua  that  the  template  line  I  -  I  la 
uaed  in  tranaferrlng  dlagrama  from  cylinder  Interlcra  at  the  aecond 
atep,  and  line  II  -  II  In  tranaferrlng  dlagrana  fron  cylinder 
interlora  at  the  flrat  atep. 


FIGURtJ  3,  Pattern  for 
rearranging  diagram 
fron  the  P  •  f  co- 
ordinatea  to  the  P  - 
V  coordinates. 


Here  one  ahould  note  that  thla  tea^late  la  useful  in  dealing 
with  indicator  dlagrana  recorded  from  any  piaton  coaipressor 
Irregardleaa  of  type  and  method  of  action.  The  grid,  however,  should 
be  prepared  for  each  type  of  coDq>reaaor  studied.  It  la  most 
suitably  made  fra.  tracing  paper.  The  construction  of  the  grid 
shown  la  suitable  for  the  200  B>10/8  conpreaaor  (Figure  4) .  For 
thla  compressor,  according  to  the  table,  a  stroke  la  200  am. 
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FIGURE  4.  Grid  for  rearranging  the  diagra*  fro* 

T  ~  <p  coordinate*  to  P  -  V  coordinate*. 

Let  us  assume  that  we  wish  to  have  the  length  of  the 
indicator  diagram  in  the  P  >  V  coordinates  equal  to  100  an  (scale  in 
reconstructing  indicator  diagrams  from  the  ?  -  coordinates  to 
P  -  V  coordinates  can  be  chosen  by  the  experimenter  as  desired) . 

On  a  sheet  of  tracing  paper  (see  Figure  4)  we  extent  on  the  left  the 
vertical  line  cd,  which  will  correspond  to  the  position  of  the 
piston  at  the  upper  dead  point.  Then  from  the  line  cd  we  draw  a 
second  vertical  line  ek  100  nm  to  the  right,  which  will  correspond 
to  the  position  of  the  piston  at  the  lower  dead  point.  The  inter* 
mediate  lines  between  cd  and  ek  are  drawn  at  the  base  of  the  table, 
reducing  all  values  down  to  one  half,  since  the  total  length  of  the 
indicator  diagram  was  selected  to  be  less  than  one  half  of  the 
compressor  stroke. 

Measured  off  from  line  cd  to  the  left  is  a  distance 
corresponding  to  the  dead  space  of  the  cylinder  (see  Figure  4,  line 
hn) .  For  the  coaq>res*or  in  question  the  dead  space  amounts  to  4X. 
Then,  the  extent  of  the  dead  space  in  the  diagram  scale  is  lOOX 
0.4  =  4aim.  The  lines  I  -  I  and  II  -  II  are  plotted  in  exactly 
the  same  way  as  was  done  on  the  template.  Hence,  the  line  I  -  I 
will  be  used  in  transferring  diagrams  recorded  from  cylinder  interiors 
at  the  second  step,  and  the  line  II  *  II  —  from  cylinder  interior* 
at  the  first  step.  With  this  the  plotting  of  the  grid  for  the  200 
B*10/8  coaq>ressoi  is  completed. 

Further  on  the  sheet  of  paper  on  which  we  wish  to  record  the 
indicator  diagram  in  F  *  V  coordinates,  we  plot  an  axis  of  P  *  V 
coordinates  draw  the  axis  of  P  -  V  coordinates,  and  plot  the 
atmospheric  pressure  line  (Figure  5).  Then,  we  place  the  grid  on 
this  sheet  of  paper  so  that  the  line  hn  coincides  with  the  axis  of 
pressure  P,  and  the  line  II  -  II  with  the  line  of  atmospheric 
pressure,  if  we  are  transferring  a  dxagram  recorded  from  the  cylinder 
interior  at  the  first  step.  In  transferring  diagrams  recorded  from 
the  cylinder  interior  st  the  second  step,  the  line  hn  is  combined 
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with  the  exls  of  preMure*  P,  end  the  etaoepheric  preeeure  line 
vlth  the  line  1  •  1. 


FIGURE  5.  Indicator  diagram  of  the  compressor  in  P  >  V 
coordinates.  LEGEND:  a)  P,  atm.  or  kg/cm^;  b)  line 


of  atmospheric  pressure.  ^  ..t. 

Transfer  of  the  diagram  is  carried  out  as  follows:  On  the 

template  superimposed  on  the  diagram  recorded  measure  the  distance 
from  the  atmospheric  pressure  line  to  its  crossing  with  the  process 
line  of  the  diagram  (See  Figure  1)  and  mark  (perforate)  this  section 
through  the  grid  onto  the  sheet  of  paper.  Then  using  the  measure 
thus  obtained  successively  transfer  all  points  of  the  diagram(  in 
omr  case  every  16”) ,  the  grid  is  reawved  from  the  sheet  of  paper , 
and  from  the  prlckholes  on  it  Che  Indicator  diagram  of  the 
compressor  is  outlined  in  P  '  V  coordinates  (See  Figure  5) . 


Received  by  Editor 
5  January,  1963 


50 


EXPERIENCE  IN  MODELING  A  FLOTATION  PROCESS 

A.  D.  Pogorelyy,  M.  A.  Sartayeva,  and  A.  S.  Malyugin 

(North  Caucasus  Mining  and  Metallurgical  Institute 
Chair  of  General  Metallurgy) 


The  principle  of  the  flotation  of  real  pulps  is  very  cooplex 
even  for  a  simple  instrument  —  the  periodic-action  laboratory  machine. 
The  analytic  expression  of  the  principle  of  the  process »  the  function 
extraction  versus  time,  depends  on  a  numerical  coefficient 
characterizing  the  hydrodynamic  properties  of  the  applied  flotation 
machine  —  the  amount  of  "aeration",  and  also  depends  on  a  very 
cosqpl.ex  functional  parameter  characterizing  the  pulp. 

Investigators  of  the  flotation  process  have  long  noticed  a  very 
simple  regularity  in  the  behavior  of  monomineral  and  monodisperse 
pulp.  This  is  the  well  known  formula  of  the  kinetics  of  periodic 
flotation 


(1) 


which  is  called  the  K.  F.  Beloglazov  formula  in  our  literature. 

At  the  basis  of  this  expression,  lies  the  differential  function 


dC  —  —  Cfdt, 


(2) 


where  C  =  concentration 
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f  •  coattant  of  flocotlon  r«te 
t  •  tint. 

For  the  parclculor  cose  of  the  periodically  operating  laboratory 
siachine  integration  leads  to  the  fonaula  (1)  for  the  case  of  the 
sMltiple'cell  machine,  functioning  under  steady*state  conditions 
/I/,  to  the  formula 


C  =C 


(3) 


where  w  >■  rate  of  feed  supply 

V  *«  volume  of  machine  cell 
n  «  ntssber  of  cells 

In  the  function  (2)  and  its  particular  cases  (1)  and  (3)  it  is 
postulated  that  the  rate  of  the  process  is  proportional  to  the  con¬ 
centration  C  and  that  the  flotation  rate  constant  is  not  dependent 
on  time. 

By  virtije  of  the  a8suB^>tion8  lying  at  the  basis  of  the  differen¬ 
tial  function  (2),  aU  particular  regularities  are  valid  for  pulp  composed 
of  identical  hard-grains,  with  ip  unchanging  with  time,  and  with  the  in¬ 
variable  observance  of  ’'free  flotation"  conditions*  "Free  flotation" 
requires  but  little  filling  of  the  surface  of  air  bubbles  with  mineral 
particles.  In  the  study  (2)  it  is  shown  that  during  the  filling  of 
air  bubble  surface  to  the  extent  of  20  X,  deviations  from  the  regularity 
(1)  become  very  significant  For  a  complex  pulp,  the  relationship 
extraction-time  is  arrived  at  by  stamnation  of  extractions  for  all 
sizes  of  particles  differing  in  (f  since  very  particle  size  obeys  the 
simple  relationship  (2).  The  forms  of  such  relationships,  upon 
assigning  the  properties  of  the  pulp  by  the  fimction  of  the  distribu¬ 
tion  of  hard  masses  based  on  floatabllity  •  ^(f),  are  pre¬ 

sented  in  the  study  (3) . 

In  constructing  the  regularities  of  continuous  fluctuation  /I, 

5/,  additional  conditions  beside  the  assumptions  related  to  the 
differential  regularity  (2)  were  introduced,  whose  Justification  can 
be  proven  only  by  experiment. 

Valid  analytic  relationships  are  very  valuable,  since  they  permit 
calculations  to  do  much  of  <^at  earlier  would  require  experimentation. 
Therefore,  it  is  very  essential  to  know  as  precisely  as  possible  what 
the  main  relationships  for  identical  particles  are,  and  above  all, 
formula  (1). 

An  experlsMntal  check  of  formula  (1)  baa  been  the  subject  of 
a  large  number  of  studies  dealing  with  narrow  size  classes 
of  pure  natural  materials  and  with  artificial  matarials:  electrographite 


32 


/4/,  glauB  beads,  etc.,  'hlch  yielded  a  relationship  close  to 
fonaula  (1). 

In  flotation  practice.  It  has  been  difficult  to  accurately 
maintain  the  conditions  of  the  relationship  (2):  Identity  of  all 
floatable  articles  and  Invariability  of  flotatlonal  properties  with 
tine.  Therefore,  It  Is  very  useful  to  have  a  model  of  the  flotation 
process  with  precise  ccmpllance  with  the  conditions  of  the  differential 
relationship  (2) . 

In  this  study,  flotation  Is  modeled  according  to  the  process  of 
evaporation  of  dissolved  volatile  substance  In  a  current  of  air  bubbled 
through  a  layer  of  the  solution.  If  the  solution  Is  governed  by  Henry's 
law.  The  partial  pressure  of  the  vapor  of  the  volatile  substance  above 
such  a  solution  Is  proportional  to  Its  concentration  In  the  solution. 

If  the  rate  of  the  entering  bubbling  gas,  the  dlsperslty  of  Its  bubbles, 
the  height  of  the  column  of  solution,  2ind  the  temperature  are  stabilized, 
then  the  rate  of  removal  of  the  volatile  aubstoicc  will  be  proportional 
to  Its  concentration  In  the  solution.  Consequently,  this  process  of 
removal  of  the  volatile  substance  obeys  the  differential  relationship  (2) , 
l.e. ,  models  the  flotation  process.  By  virtue  of  the  Identity  of  all 
the  particles  of  the  dissolved  substance  •*>  Its  molecules,  the  causes 
complicating  the  sinq>le  relationship  (2)  for  flotation  are  eliminated. 

The  process  can  be  carried  out  In  a  model  of  a  pneumatic  flotation 
machine.  Inasmuch  as  It  contains  no  Impeller  all  the  causes  of  changes 
in  "aeration*'  due  to  the  nxmber  of  revolutions  and  the  extent  of 
Impeller  wear  are  eliminated.  Chosen  as  the  pulp  model  la  a  solution 
of  elemental  bromine  In  water  at  concentrations  close  to  0.03  mole /I iter 
Br2(5g/liter) .  When  dissolved,  the  bromine  remains  as  diatomic  molecules 
at  chemical  changes  upsetting  the  Henry's  law  agreement  of  the  solution 
do  not  appear.  The  advantage  of  working  with  bromine  is  simplicity  and 
accuracy  In  determining  Its  concentration  by  the  iodometrlc  method,  a 
disadvantage  Is  the  need  for  working  under  forced  current.  The  bubbling 
of  the  solution  will  be  done  by  oxygen,  which  Is  inert  to  bromine  and 
water. 

A  model  of  the  pneumatic  machine  for  study  of  flotation  Is 
represented  In  Figure  1.  The  Instriment  is  constructed  from  plexiglas 
sheets  of  3  mm  thickness  and  from  the  top  view  represents  a  square 
cornered  chamber  with  a  double  bottom.  The  upper  bottom  Is  built  of 
perforated  sheets  along  which  a  layer  of  filtration  glass  cloth  Is 
placed. 

The  lower  sheet  has  0.33  mm-dlameter  holes  situated  In  the 
junctions  of  the  grid  of  5.6  mm  squares.  The  upper  sheet  includes  A  nn 
diameter  holes  located  above  the  holes  of  the  lower  sheet,  serving  as 
a  screen  securing  the  filtration  cloth.  In  the  space  between  tie  tipper 
and  lower  bottom,  oxygen  la  admitted,  passing  through  the  pores  of  the 
glass  cloth  Into  the  filling  cell  /  of  liquid  as  bubbles  3*5  mm  in 
diameter.  The  top*expoaed  cell  has  on  its  long  sides  vertical 
slots  for  Installing  11  detachable  partitions,  not  reaching  to  the  bottom. 
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Figure  1.  Model  of  pneuaetlc  flotation  machine.  Daahed  line  showa 
path  of  air  bubblea  along  the  machine  facet.  LEGEND:  a)  feed; 
b)  gat;  c)  overflow. 

dividing  the  cell  Into  12  tmaller  aectlont.  The  extreme  partitions 
are  made  of  tbeets  3  on  in  thickness  and  will  form  the  receiving  and 
mixing  cell  of  the  equipment  for  working  under  continuous  process 
conditions.  The  lower  Attorn  has  no  holes  on  the  sections  under  the 
receiving  and  nixing  cells  of  the  equlfsaent.  Openings  are  drilled 
into  the  right,  mixing  cell  In  Its  facing  wall,  determining  the 
filling  level  of  the  cell  along  with  a  groove  for  release  of 
spent  liquid.  The  remaining  9  partitions  are  aude  of  nitrocellulose 
film  of  1.5  am  thickness  and  are  used  for  breaking  down  the  long  chmnber 
Into  a  desired  number  of  shorter  sections. 

The  oxygen  for  boiling  is  fed  Into  the  equipment  from  a  steel 
"oxygen"  cylinder  through  a  reducing  valve,  to  gas  heaters  arranged  In 
parallel,  and  a  diaphragm  ftiel  gauge.  The  consun^tlon  of  oxygen  Is 
controlled  by  the  gauge  cock  of  the  reducing  valve  on  the  fuel  gauge 
and  Is  governed  by  the  gas  meter  readings. 

The  solution  Is  prepared  from  elemental  bromine  and  water 
containing  20  g /liter  KBr.  The  addition  of  the  KBr  was  Intended  to 
lower  the  bromine  vapor  pressure  above  the  solution  In  order  to  increase 
the  duration  of  the  e^eriments  and  to  avoid  overfrequent  readings. 
During  the  experiments  under  contlnuoiis  process  conditions,  the 
solution  was  fed  into  a  special  pressure  tank  with  a  constant  solution 
level  (level  regulator) ,  and  from  there  through  glass  tubes  through 
the  regulating  cock  In  the  receiving  section  of  the  machine.  The 
rate  of  solution  supplied  was  determined  by  the  measurements  of  the 
voltsoe  of  solution  flowing  from  the  machine.  The  cylinder  containing 
the  bromine,  the  level  regulator,  and  the  machine  were  located  In 
a  hood. 

The  determination  of  bromine  in  the  solutlon£  was  carried  out  by 
the  voluagmtrlc  iodometrlc  method.  A  volume  of  solution  removed  by 
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pipette  was  poured  into  a  beaker  containing  15  ml  of  20  7.  KI  solution, 
and  the  liberated  iodine  was  back-titrated  by  a  solution  of  sodium 
hyposulfite  with  the  addition  of  starch  before  the  and  point. 

Preliminary  experiments  with  pure  water  determine  the  capacity  of 
the  machine  under  various  working  conditions  for  the  continuous  process 
use  and  established  that  it  was  best  to  work  with  a  960  mi  volume  of 
liquid  and  a  consunq>tion  of  10-25  liters/minute  of  oxygen.  During 
experiments  under  the  condition  of  the  periodically  operating 
laboratory  equipment,  all  the  partitions  were  removed,  the  overflow 
openings  were  closed,  and  the  following  operations  performed.  970  ml 
of  the  initial  bromine  solution  was  accurately  poured  into  a  porcelain 
Jar.  Oxygen  was  fed  into  the  enpty  machine  at  a  given  rate.  10  ml 
of  the  initial  bromine  solution  was  removed  for  analysis,  a  stop  watch 
was  started,  and  as  fast  as  possible,  the  bromine  solution  was  poured 
into  the  machine,  which  took  2-3  seconds.  Then  samples  of  the  solution 
for  analysis  were  removed  by  pipette  from  the  machine  cell  at 
equally  spaced  Intervals  of  time,  conpensating  for  the  decreased  volume 
of  the  liquid  in  the  cell  by  submersion  of  the  plexiglas  plates  of 
the  corresponding  volxsne  at  the  left  face  of  the  cell.  Upon  comple¬ 
tion  of  the  experiment,  liquid  was  poured  from  the  cell,  and  only 
then  was  the  stream  of  oxygen  turned  off.  The  results  of  analyses 
made  of  the  chamber  contents  are  plotted  on  the  graph  in  the  coordinates 
Ig  versus  time. 

During  experiments  under  continuous  process  operations,  at 
least  two  of  the  extreme  partitions  were  left  in  the  machine,  in  order 
to  form  a  receiving  and  overflow  cell,  and  the  outlet  hole  of  the 
machine  was  open.  The  feeding  installation  was  set  at  the  desired 
rate  of  bromine  solutions  supplied.  The  porcelain  jar  was  filled  with 
the  original  solution,  the  oxygen  was  admitted,  the  chamber  filled,  the 
supply  of  the  feed  solution  was  begun,  and  the  stop  watch  started. 

The  solution  flowing  out  was  periodically  analyzed  and  collected  in 
a  receiver  for  volume  measurements.  Analyses  showed  that  the  bromine 
concentration  in  the  solution  had  been  lowered  to  a  definite  limit. 

After  three  identical  bromine  concentrations  were  obtained,  it  was 
assumed  that  a  steady  state  of  the  process  had  been  achieved  and  the 
needed  measurements  made.  A  beginning  was  also  made  in  investigating 
the  performance  of  the  multiple-<cell  machine,  after  the  necessary 
number  of  thin  partitions  had  been  installed  in  it. 

Inasmuch  as  the  partial  pressure  of  the  bromine  vapor  above  the 
solution  depends  on  temperature,  this  quantity  was  stabilized  at  an 
accuracy  of  tq)  to  0.5®. 

The  first  group  of  experiments  had  the  purpose  of  checking  the 
maintenance  of  the  general  relationship  of  periodic  flotation  (1)  for 
various  conditions.  Table  1  includes  the  results  of  3  experiments,  and 
Figure  2  presents  the  three  corresponding  graphs  of  change  in  solution 
concentration  with  time. 
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Af  can  be  teen  from  Figure  2,  the  graphs  of  the  process  using 
coordinates  Ig  Cg-'-tias  are  straight  lines,  fitting  well  the  experioental 
points.  For  eacn  of  the  lines,  the  value  of  the  constant  of  the  bromine 
reswval  rate  from  the  solution  is  shown  calculated  from  6]q>erimental  data; 
it  la  an  analog  of  the  flotation  rate  constant  in  the  equation  of  K.  F. 
Beloglazov.  We  emphasize  that  in  the  experiments,  3  bromine  ccncentra* 
tiona  decreased  down  to  more  than  one-thirtieth,  although  the  relation¬ 
ship  maintained  its  rectilinearlty.  The  experimental  data  presented 
indicates  that  the  process  of  removal  of  elemental  bromine  (hscribed 
from  the  solution  by  currents  of  oxygen  hubbies  does  model  the  process 
of  the  flotation  of  uniform  particles. 

In  order  to  evaluate  the  results  of  the  continuous  process  in 
this  particular  machine  we  will  need  to  know  the  value  of  the  constant 
of  bromine  removal  rate  calculated  from  experimental  data  for  the 
periodic  process.  This  data  showed  that  the  rate  of  bromine  removal 
at  constant  tesqperature  and  solution  concentration  is  proportional  to 
the  rate  of  bubbling .oxygen  supplied,  in  this  equipment,  the  dispersion 
of  the  air  bubbles  rising  to  the  surface  of  the  solution  only  under  the 
action  of  gravity  and  their  residence  in  the  liquid  are  constant. 

TABLE  1 

Results  of  E^erlments  on  the  R^oval  of  Bromine  from  Solution 


Under  Periodic  Prc^eas^Conditiona 


(a) 

(b)  OnuT  1 

1  ( b  )  Onur  2 

(  b )  OnwT  3 

8pCM«l 

or  M.i'ia- 
ja  odiiTa, 

(c}  I’acxoj  laaa 

li.ri  A  MUH,  /  =  J7’ 

(d)  Pacxo4  raj3 

I  22,4  A, MUH,  f  ^  17' 

(  •  )  Pacxoj  rasa 

CO  A  MUH,  /=2r 

MUH 

0 

Cjjf.  t.'.t 

2.80 

0.447 

4.29 

1 

•g  Cy, 

0.532 

1 

4.57 

0.66 

1 

2.14 

0..1'J0 

2 

1.55 

0.190 

1.40 

0.I4C 

1.43 

0.155 

3 

1.18 

0.071 

— 

4 

0,91 

1.959 

0,53 

1,724 

0.457 

1,6G 

5 

0.71 

1.8*11 

6 

0.51 

1.732 

0.18 

■T.2I3 

0.148 

T17 

7 

0.42 

1.623 

— 

— 

— 

LEGEND:  a)  time  from  beginning  of  experiment,  minute;  b)  experiment  1; 
c)  consusption  of  gas  m  11.5  I iters /minute,  t  ■  17®;  d)  consumption 
of  gas  ■  22.4  liters /minute,  t  »  17®;  e)  consuaption  of  gas  ■  20  liters/ 
minute*  t  •  21®. 

Then,  the  mass  of  bromine  removed  per  unit  volume  gas  should  be  pro¬ 
portional  to  the  partial  pressure  of  the  bromine  above  the  solution, 
which  by  virtue  of  Henry's  law,  is  proportional  to  the  concentration 
of  bromine  in  the  solution  and  to  the  pressure  of  the  saturated 
bromine  vapor.  At  the  room  temperatures  at  which  the  e:q>eriments  were 
conducted,  the  pressure  of  the  saturated  bromine  vapor  is  increased  by 
approximately  15  X  during  a  5®  change  in  temperature,  which  points  to 
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the  ueed  to  calculate  the  temperature  dependence.  Baaed  on  the  knovn 
function  relating  preasure  of  the  saturated  bromine  vapor  with  the 
temperature,  and  using  the  experimental  data  of  the  investigation  of 
the  periodic  process,  the  following  formula  is  obtained. 


?  -  0,000 1 46  Q  (30  7.88  /), 


(4) 


describing  the  variation  in  the  constant  of  bromine  removal  rate  for 
the  machine  considered,  depending  on  the  feed  rate  of  the  bubbling 
oxygen  Q  (liters /minute)  and  the  temperature  t. 


Figure  2.  Graph  change  in  cooqpositlon  of  the  bromine  solution  as 
a  funccion  of  the  duration  of  the  experiment  under  periodic* 
process  conditions.  UEGEND:  a)mlnutes. 

We  must  dwell  here  on  the  peculiarities  in  the  movement  of  the 
gas  bubbles  through  the  liquid  in  the  machine.  As  can  be  seen  from 
Figure  1,  at  the  machine  faces,  the  flow  of  bubbles  at  first  deviates 
from  the  wall,  and  then,  describing  a  steep  arc,  again  approaches  the 
machine  faces  at  the  surface  of  the  liquid.  Thus,  a  volume  of  liquid 
significantly  free  of  bubbles  is  obtained,  in  which  strong  eddy  flow  of 
liquid  will  arise.  I>urlng  the  installation  of  the  partitions,  this 
peculiarity  in  the  movement  of  the  bubble  flow  is  retained,  but  is 
less  clearly  pronounced. 

The  second  group  of  experiments  had  the  purpose  of  investigating 
the  continuous  process  in  the  machine  fitted  with  extreoM  partitions, 
forming  a  receiving  and  overflow  cell.  Figure  3  shows  the  results 
of  three  experiments  in  the  sublimation  of  bromine  during  a  constant 
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coa»uBi|>tl<m  of  oxygtia  «a<i  «t  fixed  rates  of  braslne  solution  supplied 
until  the  steady  state  was  arrived  at. 


Figcure  3.  Graph  of  variation  and  the  composition  of  the  bromine 
solution  under  continuous  process  conditions  up  to  stabilisation 
of  the  process,  t  »  18^  consumption  of  gas  «  20  liters /minute, 
volume  of  cell  «  960  ml,  rate  of  solution  supply  (in  ml/«in); 

1  -  130;  2  -  100;  3  -  69;  4  -  periodic  process.  LEGEND:  *)Ctig*  : 
^raw  material*  -i2j.nutes. 


Plotted  on  the  abscissae  axis  is  the  time  elapsed,  on  the  ordinate 
axis  —  the  ratio  Cj,i  _  :  C  material*  qusntlty  does  not 

depend  on  the  compoaitlon  of  the  solution  supplied.  In  10*12  minutes, 
the  composition  of  the  solution  flowing  from  the  cell  no  longer 
changes,  which  poiata  to  a  steady  state.  Observation  of  the  intensity 
of  the  color  of  the  bromine  solution  showed  that  in  the  head  part  of 
the  machine  a  very  decided  fading  of  the  color  of  the  solution  flowing 
from  the  entrance  cell  Is  observed,  then  it  la  ataadily  fainter  along 
the  direction  of  flow.  In  this  cell,  whose  length  exceeds  the  width 
by  ten  tinea,  the  mixing  action  of  the  gas  bubbles  does  not  equalize  the 
cempesition  of  the  solution  and  an  appreciable  drop  in  concentration  is 
established  in  the  direction  of  the  flow.  A  eaopla  of  solution  measured 
at  a  distance  of  one*third  of  the  machine  len^h  from  the  entrance  chmsber 
showed  that  the  bromiae  concentration  was  0.97  g/liter  at  a  composition 
of  the  tailings  of  0.63  g/llter  and  of  the  feed  composition  equal  to  6.47 
g/liter. 


Table  2  shove  the  characteristics  of  the  action  of  the  .machine  under 
steady  state  conditions  and  the  results  of  calculations  made  for  five 
c]q>eriK^ats. 
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TABLE  2 

Characteristics  of  the  Process  of  Bromine  Removal  from 
Solution  in  a  Single- ceil  Machine  Functioning 
in  a  Steady  State  Condition 


iici  nj(d)i 


(a)  ■Ji'i MCjiitvit Hia.ii.jiuc  jaHiii,je 

(f)  : 


C 

y 


K  2 
es  ^ 
CL  t 


(e) 

:3 


a  —  a 


=  a: 

=  I 

u* 


- (i)- 

i>Jf<.hOt‘  H-fi- 

ciiii'c  ii|)o- 
'  nci  I  a 
C 

w  Ig 


LbJ’ 


acHcrituc  aaiiHuo 


C. 


(  j) 

uepHo- 


(k) 

„  ticnpe- 


1 1." 


Ut'ii  l  l-otr)  pMHHOrO 
iipouci  in  (,')).  iipoHccca  (.j). 

^  .1  .•  i 


!»'> 

20 

.1.! 

9i,f, 

0,1 'o 

■1.0 

0.2.37 

20 

I'.'J 

12.7 

0.‘.ol 

6.47 

0.630 

18 

20 

|(H> 

8.S 

5.24 

0.870 

18 

20 

I.KJ 

O.ool 

4 .00 

0.770 

8 

22 

130 

f>  7 

0.j>l 

4.1H) 

0.534 

o.m  .  o,.ji 

0.0 1 1  t  O.Sh 

0.0{i3  ,  0.97 

0.  39  j  0.92 

0.099  I  0.85 


LEGEND:  a)  experimental  data;  b)  calculated  data;  c)  temperature,  ^C; 
d)  gas  consumed,  liters/min;  e)  w,  ml/oin;  f)  v/w,  minute;  g)  at  C  » 

1,  g/rain;  h)  :  g/liter;  i)  technological  action  of  the 

process  w  Ig  ^  .•  »»>  j)  of  periodic  process  (5),  g/1;  k) 

Cf-Toa  of  continuous  procesfi  (3),  g/1. 

Listed  are:  temperature,  rate  of  oxygen  supplied,  composition  and 
rate  of  feed,  the  quantity  (p  calculated  according  to  formula  (4), 
the  value  of  the  formal  residence  of  the  solution  through  the  working 
cell  of  the  machine  V/w  in  minutes,  composition  of  tailings  (capacity 
of  cells  taken  as  880  ml,  since  of  the  960  ml  in  the  machine  80  ml 
are  in  the  receiving  and  overflow  cells,  where  the  solution  is  not 
aerated  and  does  not  change  in  its  composition) ,  and  the  special  charac¬ 
teristics  of  "technological  action  of  the  process,"  equal  to  the  product 
of  productivity  w  by  the  logarithm  of  the  extent  of  tailings  depiction. 


In  the  stmdjr  /5/  is  presented  the  value  of  such  a  characteristic 
in  the  analysis  of  the  performance  of  the  machine  during  continuous- 
process  conditions,  since  a  similar  characteristic  of  this  machine 
operative  under  the  same  value  of  the  constant  f  ,  under  periodic- 
process  conditions  does  not  depend  on  the  composition  of  the  tailings 
and  has  a  maximum  value.  In  the  next  to  the  last  column  in  Table  2  is 
presented  the  composition  of  the  tailings  calculated  by  the  formula 


39 


2,303lg%i:  ,  (5) 

describing  tbs  operation  of  «  hypothetical  machine  in  which  mixing 
in  the  longitudinal  direction  1»  wholly  excluded  /5/.  Such  a  tailings 
composition  in  this  machine  would  be  found  during  periodic-process 
operating  conditions  for  a  period  of  V/mlnutes.  Presented  in  the  last 
colmm  are  the  tailings  compositions  calculated  by  formula  (3)  describing 
the  operation  of  the  machine  under  the  conditicn  of  complete  equalization 
of  the  coivoaition  of  the  cell  contents.  Such  operating  conditions 
correspond  to  mechanical  flotational  machines  wi^.  a  short  cell. 

Comparison  of  the  experimental  walues  of  the  bromine  concentration 
in  the  machine  tailings  with  the  calculated  values  for  these  quantities 
for  the  two  limiting  performance  cases  (next  to  the  last  and  last 
column  in  Table  2),  It  ie  shown  that  at  the  machine  length  considered, 
the  effect  of  mixing  is  very  great,  but  is  still  far  from  maximum,  since 
dim  aqperlmental  values  of  the  concentrations  are  very  far  from  the  qpper 
limit  (next  to  the  last  coltmm)  but  differ  substantially  from  the 
lower  limit  (last  column).  Comparison  of  the  values  of  the  "technologi¬ 
cal  action  of  the  machine"  shows  that  increasing  the  sttpply  rate,  other 
conditions  being  equal,  incraaaea  process  efficiency. 

The  third  group  of  experlmeiats  waa  designed  tositimate  the 
influence  of  partitions  forming  a  xow  of  identical  sactiona  on  the 
results  of  steady-state  processing.  In  Table  3,  are  Included  the  results 
of  the  caq>eriaanta  for  various  nun1>ers  (1,  2,  5,  10)  of  identical 
•ectiooi  in  the  machine.  Presented  are  the  observed  concentrations  of 
bromine  in  tbs  machine  tailings  and  the  calculated  concentratioms, 
according  to  formula  (3)  for  a  unit;  composed  of  n  consecutively  linked 
machines.  In  the  calculation  of  the  value  of  V,  the  section  volume 
equal  to  the  volume  of  e  machine  660  ml  in  volume  is  used  divided  by  the 
number  of  sections. 

Comparison  with  experimental  date  shows  that  the  insulation  of 
partitions  is  useful,  since  the  roaming  content  in  the  tailings  in¬ 
variably  decreauea  with  increase  in  number  of  partitions.  Machines 
with  2,  5,  and  10  sections  produce  richer  tailings  than  aggregate  units 
of  the  smne  nuiri»er  of  flotstion  cells,  i.e.,  the  sections  considered 
are  not  equivalent  to  the  theoretical  cells  of  a  flotation  machine 
which  has  intensive  mixing.  The  neason  for  lower  indices  of  the 
machine  in  question  is  the  imperfect  separation  of  its  sections  formed 
by  the  partitions  falling  shy  of  the  msbblne  botten  by  6  mm.  Actxuilly, 
under  eech  partition  there  will  be  formed  a  free  opening  extending 
the  entire  width  of  the  cell  occupying  sbout  10  X  of  its  transverse 
working  cross  section. 
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TABLE  3 

ConcenCration  of  Broalne  in  the  Tellings  of  e  Machine  Functioning 
Under  Sta«dy»Scate  conditions  for  the  Listed  Nuaber  of 
Partitions  Fonaing  Identical  Cells,  Te{q>erature  »  18°, 
Rate  of  Gas  Feed  *  20  liters /minute 
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LEGEND:  a)  process  characteristics;  b)  units  of  measurement;  c)  ntSmber 
of  sections  in  machine;  d)  material  “5.24  grmns /liter  Br,  <P  » 

0.501;  e)  rate  of  feed;  f)  concent. ation  of  Br  in  tailings;  experl> 
mental,  calculated;  g)  ml/mln;  h)  g/liter;  i)  material  “  g/liter 

Br;  j)  and  k)  as  in  e  and  f,  respectively. 


Through  these  openings  the  exchange  of  mass  tal  .ss  place  in  both  directions 
with  the  neighboring  sections  that  results  in  a  lover  efficiency  of  the 
machine.  It  is  obvious  that  improving  the  partition  construction  to 
limit  exchange  between  sections  should  improve  the  indices  of  machine 
performance. 

Results  of  the  investigation  showed  that  the  process  of  bromine 
removal  from  the  solution  by  the  current  of  oxygen  in  the  described 
model  of  the  flotational  machine  under  periodlc^f location  conditions, 
obeys  ti.e  relationship  (1)  only  for  the  flotation  of  ideal,  monomineral 
and  monodlsperse  pulp.  From  this  follows  the  validity,  for  the  process 
of  bromine  removal,  of  the  differential  relationship  (2)  and  also  other 
relatloi:sh’''s  at  the  basis  of  which  flhis  differential  dependence  lies. 

'1  Iments  with  solutions  of  bromine  under  continuous -process 
conditions  demonstrated  the  Justification  for  the  propositions  derived 
from  the  theoretical  calculation  for  machines  with  a  long  cell, 
carried  out  in  the  study  /3/.  The  e:q>eriaents  permitted  an  estimate  of 
the  role  of  longitudinal  mixing  in  the  long  cell,  the  value  of  the 
partitions  dividing  the  long  machine  into  a  noaber  of  sections,  and  the 
positive  benefit  from  increasing  the  feed  rate  on  the  process  indices. 


ExperlMnts  with  broaine  aoliiitloxui  under  continuous-process 
conditions  csn  b«  used  in  investigsclng  the  vsrlous  nodels  of  mschlnss 
end  the  vsrlous  construe tlonr.  of  psrtltioss  is  order  to  seleet  the  best 
variants.  It  is  possible  to  experimentally  study  by  means  of  model 
atachinas  transient  conditions,  whose  calculation  is  very  laborious. 

With  a  model  of  Che  process,  these  studies  can  be  carried  out  with  much 
lass  effort  and  with  higher  accuracy  than  with  real  pulps.  Bromine  is 
not  the  only  material  useful  in  modeling  the  flotaCional  process.  Any 
volatile  substance  inert  to  oxygen  aail  which  is  soluble,  obeying  Henry's 
law,  can  serve  for  this  purpose.  Broaine  tempted  us  by  the  simplicity 
and  precision  of  its  analytic  determinations,  which  are  the  most  laborious 
part  of  any  technological  study.  Undoubtedly,  the  arsenal  of  chemistry 
will  include  other,  more  convenient  materials  for  modeling  flotation, 
with  which  it  will  be  possible  to  investigate  industrial  eguipmant  as 
wall. 

It  must  be  emphasized  that  from  the  viewpoint  of  the  theory  of 
similarity,  in  this  study  we  are  talking  about  similarity  of  processes 
go<vertted  by  the  relationship  (2)  at  constant  ,  but  not  about  simi¬ 

larity  of  the  solution  of  the  volatile  substance  of  an  ideal  pulp.  Pro¬ 
ducing  a  solution  modeling  pulp  under  any  conditions  of  the  flotation 
process  would  be  very  tempting,  since  it  would  open  up  the  way  for  ob¬ 
taining  an  objective  and  reproducible  quantitative  evaluation  of  such 
characteristics  as  the  quantities  "aeration"  and  "flotation  activity"  of 
the  mineral  in  the  pulp.  However,  available  experimental  material  is 
inadequate  to  resolve  the  question  of  the  presence  or  absence  of  more 
profound  analogies  in  the  processes  compared. 

CONCLUSION 

It  haa  been  shown  that  the  process  of  removing  a  volatile 
aubatance  by  currents  of  gas  babbles  from  an  aqueous  solution  obeying 
Henry's  law  models  the  process  of  the  flotation  of  an  ideal,  mono¬ 
mineral,  and  raonodisperse  pulp.  Experiments  on  models  shows  the  validity 
of  all  the  relationships  stemlng  from  the  differential  equation 

dC=-C<fd^ 


describing  the  relationship  of  ideal  pulp  flotation  wder  "free  flotation" 
conditions. 
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SUITABILITY  OF  AM  AQUEOUS  ACETONE  SOLUTION  FOR  MODELING 
THE  FLOTATIONAL  PROCESS 


The  inconvenience  of  working  with  eleaental  broaine  forced  ua 
(the  atudy  waa  carried  out  with  the  participation  of  Engineer  G.  P. 
Kochetova)  to  aearch  for  aubatitutea  avoiding  the  neceaaity  for  working 
under  preaaure*  Acetone,  CH^COCH^ ,  boiling  at  56®,  soluble  without  limit 
in  water,  and  eaaily  and  accurately  detemined  quantitatively  by  the 
lodoaetrlc  method,  can  aerve  aa  such  a  substitute.  Experience  in  the 
evaporation  of  acetone  from  aqueous  solutions  containing  4  grams /I iter 
of  CH3COCH3  in  stabilized  current  of  air  bubbles  at  room  temperatures 
showed  that  the  rate  of  acetone  removal  is  proportional  to  Its  concen> 
tration  in  solution.  It  follows  from  this,  that  such  solutions  can  be 
used  for  modeling  the  process  of  flotation  of  an  ideal  pulp,  instead  of 
bromine.  Working  with  such  solutions  can  be  conducted  without  special 
precautions  taken,  in  4;he  usual  laboratory  setting  with  normal  ventila¬ 
tion.  For  the  determination  of  acetone  in  solution,  it  is  possible  to  use 
the  Messinger  method  (lerl*  Ltmge,  Khimiko-tekhnicheskiye  aetody  issledo- 
vaniya  (Chemical -Technical  Research  Methods),  Vol  III,  No  2,  page  267, 
GNTI,  1941).  According  to  this  methods,  50  ml  of  1  IN  KOH  solution  and 
50  ml  of  0.1  N  iodine  solution  is  added  to  10  ml  af  the  acetone  solution 
to  be  analyzed  which  has  been  poured  into  a  conical  flask  fitted  with 
a  ground  glass  stopper,  tbe  acetone  is  combined  with  the  iodoform 
according  to  the  reaction 


CH^COCh^  +  61  + 


iiKtri  =  CHI. 


CH^COCK 


?KI 


Tbe  excess  iodine  in  the  alkaline  medium  is  converted  into  a  mixture 
of  iodide  and  iodate.  To  complete  the  reaction  and  to  coagulate  the 
iodoform,  the  mixture  is  kept  in  the  flask  for  30  minutes  with  periodic 
agitation.  Then,  50  ml  of  1  ffiCl  solution  is  accurately  poured  into  the 
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flMk.  th«  lodld*  and  iodac«  form  alaiMntal  iodine,  vhich  is 

back  titrated  with  thleanlfate  in  the  pretence  of  atarch;  the 
iodofom  here  reeiaine  tjsifhssssd,  Tha  difference  between  the 
aaownt  of  iodine  introduced  into  the  eaqple  and  the  esceee  iodidine 
be^  titrated  with  Shlssulfete  glirea  the  — ount  of  iodine  reacting 
with  the  acetone.  One  «I  of  an  0.1  X  iodine  aolution  ie  equivalent 
to  0.9667  «g  CB^COGR^. 
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Mi:<CHANISM  OF  ACTION  OF  POLYACHYIJIMIDE  FLOCCULANTS 

S.  F.  Kuzkin,  V.  P.  Neber,  I.  A.  Yakubovich,  S.  N.  Zolin 

(Moscow  Institute  of  Steel  and  Alloys,  Chair  of  Rare 
Metal  Ore  Beneficiation. ) 


At  present  there  does  not  exist  a  unified  unanimous  con¬ 
cept  of  the  mechanism  of  action  of  polyacrylamide  flocculants. 

This  is  due  not  only  to  the  complexity  and  variety  of  the  compo¬ 
sition  of  the  solid  and  liquid  chases  of  the  suspension,  but  of 
the  flocculants  themselves.  Also,  a  unified  opinion  does  not 
exist  as  to  the  optimum  composition  of  polyacrylamide  flocculants. 
The  flocculants  produced  presently  are  not  pure  polyacrylamides, 
but  the  copolymer  acrylamide  and  acrylic  acid  of  various  composi¬ 
tions  and  molecular  weights  (in  the  following,  products  contain¬ 
ing  polyacrylamide  and  its  derivatives  will  be  noted  by  the  symbol 
PAA). 

Authors  studying  the  adsorption  of  PAA  on  minerals  /I, 2/ 
assumed  that  its  molecules  are  attached  ^ae  to  hydrogen  bonds 
through  the  amide  and  undissociated  carboxyl  group  simultaneously 
on  two  or  more  particles,  forming  ’’bridges'*  uniting  them  into 
aggregates.  The  dissociated  carboxyl  groups,  due  to  electrostatic 
repulsion,  induce  the  stredghtening  of  the  polymer  chain  in  solu¬ 
tion  and  increase  its  length,  promoting  adsorption  of  the  macro¬ 
molecules  simultaneously  on  several  particles.  The  possibility 
of  bonding  by  means  of  the  car',  jxylate  ion  is  not  precluded. 

Several  investigators  established  that  in  the  presence  of 
PAA  the  i  -potential  of  mineral  particles  is  lowered  as  the  re¬ 
sult  of  their  coagulation  /3”5/.  Binding  of  the  particles  by  PAA 
macromoleculos  (flocculation)  intensifies  this  effect.  However, 
the  opinion  does  exist  /6/  that  the  potential  does  not  have 
decisive  significance  in  the  aggregation  of  c  PAA  suspension. 

In  our  investigations,  in  addition  to  the  sedimentation 
experiments  we  measured  the  ^-potential  by  the  flow  and  adsorp- 


^5 


tion  method  /5/  using  specially  synthesized  labelled  PAa  of  sev¬ 
eral  molecular  weights  and  extensive  hydrolysis  (See  Tables  1  and 
2)»  The  labelleji  PAA  was  produced  from  ethylene  chlcrchydria  and 
labelled  with  C^- ‘‘’-sodium  cyanide.  Determination  of  the  molecular 
weight  was  carried  out  according  to  the  formula  in  /?/•  Measure¬ 
ments  of  viscosity  were  performed  using  a  capillary  medica]  visco¬ 
simeter.  Precipitation  of  pure  minerals  (quartz,  microcline, 
muacovite,  calcite,  and  others)  and  mixtures  was  carried  out  both 
with  industrial  as  well  as  with  specially  synthesized  samples  of 
PAA  of  various  molecular  weights  and  degrees  of  hydrolysis.  The 
minerals  were  crushed  in  porcelain  mortars  to  a  coarp-'nesc  of  -44 
microns.  The  sedimentation  experiments  were  carried  out  at  room 
temperature  and  a  solid  :liquid  ratio  of  1:10, 

Unlabelled  samples  of  hydrolyzed  PAA  were  produced  from  the 
unhydrolyzed  sample  1,  and  the  labelled  samples  —  from  sample  4. 
Hydrolysis  was  performed  by  heating  equal  volumes  of  a  1%  solution 
of  PAA  and  IN  sodium  hydroxide  on  a  waterbath  at  60  -  70°  for  vair- 
ious  intervals  of  time.  The  degree  of  hydrolysis  was  determined 
by  Kjeldahl  combustion  and  colorimetric  determination  of  the  am¬ 
monium  salts. 

In  the  adsorption  measurements  a  mineral  sample  weighing 
1-2  grams  was  mixed  with  a  solution  of  labelled  PAA  in  a  test 
tube  with  a  solid:  liquid  ratio  of  1:5»  After  filtration  of  the 
suspension,  the  precipitate  was  repulped  with  distilled  water  at 
a  S:L  ratio  of  1:10,  and  was  filtered  once  again.  Drying  was  con¬ 
ducted  at  a  temperature  not  above  ^0°,  after  which  the  powder  was 
mixed  thoroughly  and  pai't  of  it  was  transferred  into  a  cassette. 
The  activity  was  measured  by  an  end;»*wlndow  counter  fitted  with  a 
thin  mica  aperture. 

It  was  found  /5/  that  PAA  strongly  aggregates  particles  of 
positively  charged  minerals  {calcite,  fluorite),  lowering  their 
elec troklne tic  potential.  On  negatively  charged  minerals— quartz 
and  microcline  in  distilled  water  or  in  alkaline  medium  and  in 
the  absence  of  reagents  lowering  the  negative  j^-potential,  PAA 
does  not  adhere  to  surfaces  of  minerals,  does  not  change  their 
^-potential,  amd  does  not  aggregate  the  suspension.  Floccula¬ 
tion  can  occur  only  during  preliminary  lowering  of  the  -poten¬ 
tial  of  minerals  down  to  less  than  j50-40  millivolts.  The  carboxyl 
groups  PAA  act  not  only  toward  the  extension  of  the  polymeric 
chain,  but  also  toward  preventing  adsorption  of  the  flocculant  on 
iiurfaces,  which  fact  proves  to  be  decisive  for  negatively  charged 
particles  of  quart#  and  microcline.  At  the  same  time,  carboxyl 
groupo  promote  adsorption  of  the  reagent  on  positively  charged 
surfaces. 

It  was  also  established  that  in  spite  of  the  negative 
-ootentiai  of  natural  minerals — quartz  and  microcline,  PAA  is 
adsorbed  on  them,  lowers  their  /-potential,  and  flocculates 
suspensions  of  these  minerals  (Fig.  1),  This  is  accounted  for  by 
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TABLE  1 


Ch«.r«cteriaticM  of  Saaples  of  Uahydroiyscu  PAA» 


(b) 


(o) 


<C  n 

c  s: 


XnpaKTcpMc- 

ft(lJ^OCT}*« 

nyaa 


MuncKv.iMp- 
tlUII  lt*JC  II 
M.iH.  (Ij  CM 


(d) 

AKIIIIIIIOilli. 
t  MC.Z 

1 


1 

b.l 

*  1.K2 

2 

3.2 

■  0.01 

— 

3 

2.6 

!  0.68 

— 

4 

1.9 

1  0.4.3 

OK.  0,6 

b 

1.3 

0.23 

OK.  0,6 

LEGEND:  a)  Saaple  No.;  b)  Characteristic  ▼Iseoalty, 
poiaaa;  c)  Molecular  weight  In  millions  of  0^ 
unita;  d)  Activity,  «c/g.  TABLE  2 


Characteriatica  of  Hydrolyzed  Samples  of  PAA. 


(c) 


”Ta)  “ 

je  o6- 
pasua 

(b) 

np0.10.1>KH- 

TC.IbllOfTl. 

iiarpcaa,  jwuK 

4^  O  ^ 

¥  fc-  • 

g-o  «: 

K 

all 

(d) 

Crenciii.  th- 
4l)0,lH3a,  % 

6 

10 

17.2 

12.7 

7 

20 

15.1 

23,2 

8 

30 

11.7 

40.7 

9(i^CHy.) 

20 

15.7 

20,3 

LEGEND:  a)  Sample  No.;  b)  Duration  of  heating,  minutes; 
c)  Content  of  organic  nitrogen,  %;  d)  Extent  of 
hydrolysim,  5<;  e)  Labeled. 


the  natural  activation  of  the  minerals  by  polyvalent  ketones. 
After  treatment  of  the  mineral  surfaces  with  hydrochloric  acid 
and  washing,  the  ^  -potential  of  quartz  and  microcline  remained 
almost  unchanged.  However,  thereafter  PAA  did  not  adhere  to 
minerals,  did  not  reduce  their  ^-potential,  and  did  not  floccu¬ 
late.  In  the  attachment  of  PAA  on  the  ketone  centers  of  the  min- 
erails,  which  have  a  total  negative  charge,  the  charge  was  reduced 
to  the  coagulation  threshold  (-30  millivolts). 

If  PAA  adheres  to  particles  with  a  positive  ^  --ootential, 
then  full  compensation  of  the  charge  on  the  internal  facing  of 
the  double  electric  layer  occurs;  the  particle  becomes  electric¬ 
ally  neutral  (for  low  amounts  of  PAA),  or  actually  acquires  a  low 
common  negative  ^  -potential  (for  large  amounts  of  PAA). 


4? 


As  the  result  of  exp?ria«atB  cojsducted  it  was  aetabliahcd 
that  with  iasraasod  Eolecolar  weight  of  PAA  flocsttiatioa  of  min¬ 
erals  rises  (Fig.  2),  end  that  the  higher  the  molecular  weight 
of  PAA,  the  sore  of  it  is  adsox'O'^d  on  sinerala,  but  the  monomer* 
are  not  adsorbed. 


FIGURE  1.  Effect  of  PAA  on 
the  /  -potential  of  the 
following  minerals?  1  - 
quartz;  2  -  aicrocliae; 

5  -  calcite;  4  -  fluorite. 
LEGE^^D:  a)  ^-potential, 
av;  b}  Concentration  of 
PAA,  mg/1 


FIGURE  2.  Effect  of  molecular 
weight  of  PAA  on  the  precipi¬ 
tation  of  Si02  (pH  =  2). 
Molecular  weight  in  ailiioa*; 
1  -  1.8;  2  -  0.91;  J>  -  0.68; 

4  -  0.45;  5  •*  0.23.  LEGEND; 

a)  Precipitation  rate,  mm/ 
sec;  b)  Consumption  of  PAA, 

s/t* 


Study  of  the  effect  of  the  pH  of  the  aedtu*  shewed  that 
pare  silicic  acid,  whose  surface  is  complsteiy  free  of  icstions, 
does  not  aggregate  PAA  independently  of  the  extent  cf  hydrolysis 
and  molecular  weight  in  neutral  and  weakly  alkaline  media;  for 
pH  values  lower  than  3t  strong  aggregation  is  observed  (Fig,  3). 

In  accordance  with  this,  PAA  independently  of  the  extent  of 
hydrolysis  is  adsorbed  strongly  in  an  acid  medium  (Fig.  4).  In 
contrast  tc  pure  silicon  dioxide,  natural  quartz,  and  also  micro- 
cline  and  muscovite,  are  readily  fitjcculated  with  PAA  in  acidic 
and  neutral  me4ia4  accordingly,  adsorption  in  a  neutral  medium 
is  almost  eq^^al  t*  adsorption  in  an  acidic  medium. 

It  was  additionally  established  that  with  an  increase  in 
the  effect  of  th§  extent  of  PAA  hydrolysis  floccixlation  of  sili¬ 
cate  minerals  is  worsened  independently  of  the  medium  pH,  h^r* 
the  adsorption  of  hydrolyzed  PAA  is  somewhat  weaker.  PAA  adsorbed 
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FIGURE  3.  Effective  pH  of  the 
medium  on  the  precipitation  of 
SiO-  with  PAA.  Extent  of  hy¬ 
drolysis  of  PAA  (in  i^)X  1  -  <C 
1}  2  -  12.7;  3  -  23.2;  4  -  40.7 


(a) 


FIGURE  4*  Effective  pH  of  the 
medium  on  the  adsorption  of  PAA  on 
SiO_.  Extent  of  hydrolysis  of  PAA 
(in>):  1  -  <1;  2  -  20. 5. 


LEGEND:  a)  Sedimentation  rate.  LEGEND:  a)  Adsorbed,  g/ton 

mm/sec 

in  an  acidic  medium,  both  when  hydrolyzed  and  when  unhydrolyzed, 
can  be  removed  by  simple  rinsing  with  distilled  water  almost  com¬ 
pletely  from  the  surface  of  pure  silicon  dioxide,  and  to  a  signif¬ 
icant  extent  from  the  surface  of  natural  silicate  minerals.  More¬ 
over,  hydrolyzed  PAA  is  more  rapidly  eliminated  (Fig.  5)*  A  Similar 
picture  is  also  observed  in  strongly  alkaline  medium  (pH  =  12-14), 
where  certain  increase  in  flocculation  is  observed  as  compared  with 
a  weakly  alkaline  medium  (Fig.  3).  In  contrast  to  silicate  miner¬ 
als,  flocculation  of  salt-like  miner-?l8  depends  little  on  these 
pH  (calcite,  apatite,  barite),  and  adsorption  is  significantly 
greater  and  is  irreversible.  An  increase  in  the  extent  of  hydrol¬ 
ysis  lessens  their  flocculation  with  PAA  in  a  neutral  medium  only 
for  increased  concentrations  of  the  flocculant.  Adsorption  changes 
little  with  increase  in  extent  of  PAA  hydrolysis. 

These  facts  suggest  the  thought  that  the  mechanism  of  at¬ 
tachment  and  flocculation  with  PAA  in  acidic,  neutral  and  alkaline 
media  is  dissimilar.  If  in  neutral  and  alkaline  media,  where 
strong  dissociation  of  carboxyl  groups  takes  place,  the  action  of 
the  PAA  is  satisfactorily  explained  by  a  reduction  in  the  -po¬ 
tential  of  the  minerals  when  PAA  is  adsorbed  on  them  (at  the  car¬ 
boxyl  groups),  and  also  is  accounted  for  by  the  binding  of  the 
particles  by  PAA  molecules,  than  in  an  acidic  medium  where  the 
carboxyl  groups  do  not  dissociate,  and  the  T  -potential  of  miner¬ 
als  is  near  zero,  such  eoi  explanation  is  unsatisfactory.  Favor¬ 
able  conditions  exist  in  an  acidic  medium  for  formation  of  hydro- 
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g«n  bonds  between  the  mineral  surface  and  the  amide  and  undisso^ 
ciated  carboxyl  fjroups  of  the  PAA,  also  ke tonic  bonding  through 
the  dissociating  amide  groups.  Therefore,  the  action  of  PAA  in 
an  acidic  medium  is  due  only  to  the  formation  of  bridges  of  PAA 
molecules  uniting  the  particles  into  aggregates,  but  the  C  -po¬ 
tential  and  mechanism  of  usual  coagulation  do  not  play  a  signifi 
cant  role. 


PIGUEE  5*  Desorption  of  PAA  from 
the  SiO„  surface  in  rinsing  with 
water  (after  adsorption  in  an 
acidic  medium).  Extent  of  PAA 
hydrolysis  (in  1  -  -<^1} 

2  -  20.3,  LEGERDj  a)  Adsorped, 
g/tonj  b)  Number  of  rinsings 

Study  of  the  viscosity  of  solutions  of  various  PAA  as  a 
function  of  pH  revealed  that  PAA  had  a  minimum  viscosity  at  pE  = 

1.2,  however,  vdth  further  increase  in  the  acidity  of  the  medium 
the  viscosity  begins  to  rise,  confirming  the  existence  of  weak 
dissociation  of  the  amide  groups  (Fig.  6).  Thus,  in  a  strongly  ?.cidic 
medium  PAA  manifests  the  properties  of  a  weakly  cationic  polyelec¬ 
trolyte.  The  minimum  viscosity  in  the  acidic  medium  is  accounted 
for  by  the  strong  intramolecular  interaction  of  undissociated  car¬ 
boxyl  groups,  causing  the  coagulation  of  PAA  molecules.  This  ap¬ 
parently  is  caused  by  the  weakening  of  the  flocculation  of  the 
suspensions  with  increase  in  extent  of  hydrolysis  (in  an  acidic 
medium). 

The  maximum  viscosity  is  observed  in  a  weadcly  alkaline 
medium  due  to  the  dissociation  of  PAA  in  the  anionic  mode  due  to 
the  carboxyl  groups.  With  increase  in  extent  of  hydrolysis,  i.e., 
the  content  of  carboxyl  groups,  the  viscosity  is  increased,  while 
in  an  acidic  medium  it  is  lowered. 

In  neutral  and  weakly  alkaline  media  pure  silicon  dioxide 
does  not  adsorb  pAA  and  is  not  flocculated,  since  the  negatively 
charged  carboxylate  ions  do  not  adhere  to  its  surface.  Upon  the 


PIGUflE  6.  Viscosity  of  0.5?^ 
solutions  of  PAA  as  function  of 
pH  and  extent  of  hydrolysis. 
LEGEND;  a)  Relative  viscosity 
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addition  of  iron  or  calcium  cations  pure  silicon  dioxide  begins  to 
attract  PAA  and  is  strongly  aggregated  in  neutral  and  alkaline 
(Figs. 7,8).  However,  with  increase  in  extent  of  hydrolysis  of  PA a 
flocculation  deteriorates,  in  spite  of  the  increase  in  the  length 
of  the  flocculant  molecules  in  the  solution.  Such  behavior  is 
caused  by  the  fact  that  the  increase  in  the  number  of  dissociated 
carboxyl  groups  in  the  PAA  molecules  increases  the  negative  charge 
of  the  particles  after  PAA  is  attached  to  them,  and  on  the  other 
hand,  this  increase  in  the  number  of  dissociated  carboxyl  groups 
prevents  adsorpf.on  of  the  groups  on  negatively  charged  surfaces. 


FIGURE  ?♦  Effect  of  inorganic  salts  on  adsorption  of  PAA  on  SiO-  in 
a  neutral  medium;  1-FeCl,  -  unhydrolyzed.  PAA;  2-PeCl_  +  PAA,  20.3^ 
hydrolyzed:  3-CaClp  +  xinJ^diolyzed  PAA;  4-CaClp  +  20.3%  hydrolyzed  PAA, 
LEGEND:  a)  Adsorbed,  g/touf  b)  Salt  consumed  ,  g/ton; 


FIGURE  8,  Effect  of  extent  of  PAA  hydrolyeis  on  the  precipitation  of 
Si0_  activated  with  iron  salts.  Extent  of  PAA  hydrolysis  (in  %):  1  - 
%  2  -  12.7;  3  -  23.2 

LEGEND:  a)  Sedimentation  rate,  ram/seci  b)  Conaunqption  of  PAA,  g/tons 


With  an  increase  in  the  number  of  positively  charged  centers 
on  the  surfaces  (which  for  instance  is  always  achieved  on  salt-like 
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the  ilisfcinction  in  attraction  aa  between  hydrolyzed  and 
ujahydrolyr.^5d  PAA  disanpears,  while  the  difference  in  the  aggregat¬ 
ing  action  is  aisdnished.  This  can  be  explained  as  due  to  a  de¬ 
crease  in  th?  ^  -potential,  of  the  particles  in  the  presence  of 
cations,  but  also  by  the  facilitation  of  bridge-formation  due  to 
the  association  of  macromolecules  through  cations  and  carboxyl 
groups  with  the  formation  of  more  durable  and  longer  bridges.  It 
is  known  that^  however,  when  the  salt  content  is  too  high  the  ag¬ 
gregating  action  of  PAA  diminishes.  Thus,  in  real  pulps,  depend¬ 
ing  on  the  pH,  salt  concentration,  diameter  and  composition  of  the 
solid  phase,  the  consumption  of  the  flocculant,  the  size,  form, 
and  adsorption  of  macromolecules,  their  association  and  bridge- 
formation  will  fluctuate.  In  agreement  with  this  variability, 
the  optimal  extent  of  hydrolysis  in  neutral  and  alkaline  media 
will  be  dissimilar  and  each  case  must  be  approached  individually. 

In  an  acidic  medium,  in  all  cases  the  carboxyl  groups  cause 
the  coaguJation  of  PAA  molecules  and  these  hinder  the  formation  of 
connecting  bridges  between  the  particles.  Therefore,  in  an  acidic 
medium,  it  is  necessary  for  all  ore  pulps  to  use  unhydrolyzed  PAA. 
A  study  of  the  effect  of  mixing  has  on  the  action  of  PAA  revealed 
that  with  increased  duration  of  mixing  with  the  flocculant,  in¬ 
dependently  of  its  composition  and  pH,  flocculation  of  suspensions 
is  deteriorated,  although  the  amount  of  reagent  adsorbed  for  a 
small  consumption  of  flocculant  remains  unchanged,  while  for  large 
amounts  consumed,  the  amount  of  reagent  adsorbed  in  some  cases  is 
even  increased.  This  suggests  that  during  flocculation,  geometric 
configuration  and  mutual  location  of  molecules  in  the  adsorbed 
state  play  important  roles  in  addition  to  adsorption. 

For  all  the  minerals  studied,  when  the  consumption  of  PAA 
was  raised  above  a  certain  value,  depending  on  the  mineral  and  the 
conditions  of  the  medium,  deterioration  of  PAA  flocculating  action 
set  in. 

This  data  leads  to  the  conclusions  that  during  floccula¬ 
tion  partial  non-uniform  covering  of  the  mineral  grain  surfaces 
occurs.  Upon  total  covering  being  achieved  stabilization  begins. 
In  flocculation  with  high-molecular  weight  macromolecules  bridges 
will  be  formed  between  the  particles,  binding  them  into  a  stable 
aggregate.  The  existence  of  such  bridges  is  proved  by  direct  ob¬ 
servations  «-.th  the  electron  microscope  /8/.  This  feature  dif¬ 
ferentiates  their  action  from  the  action  of  other  compounds  and  is 
caused  by  the  specific  properties  of  the  polyelectrolyte  molecules 
high  molecular  weight,  flexibility,  sharply  asymmetric  structure, 
and  the  presence  of  ionogenic  groups  capable  of  forming  various 
kinds  of  bonds,  both  strong  and  weak. 

Upon  addition  to  the  suspension  of  a  PAA  solution,  its 
molecules  as  a  result  of  tisaal  'motion  arrive  at  the  particle  sur¬ 
faces  and  given  the  presence  of  the  appropriate  centers  are  held 
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there.  The  remaining  part  of  the  maoromolecule  remaiina  in  solu¬ 
tion  in  the  form  of  the  waving  tail  or  tentacle.  When  continuous 
collision  of  particles  is  in  effect,  these  tentacles  are  fastened 
to  other  particles.  The  probability  of  such  cohesion  of  particles 
is  increased  with  greater  tentacle  length;  this  cohesion  is  possi¬ 
ble  only  in  the  case  when  their  length  is  not  less  than  the  thick¬ 
ness  of  the  double  electrical  layers  surrounding  the  particles. 

Thus,  for  the  most  effective  bridge  formation  the  macro¬ 
molecule  should  include  in  its  composition  ionogenic  groups  in 
small  numbers,  Weeutly  hydrolyzed  PAA  satisfies  this  requirement, 
having  a  small  number  of  carboxyl  groups  in  neutral  and  alkaline 
media,  but  in  strongly  acidic  medium— a  small  number  of  dissociat¬ 
ing  amide  groups. 

The  situation  is  however  complicated  by  the  fact  that  the 
macromolecules  in  solution  have  a  great  tendency  toward  association 
/9tl0/.  The  size  and  nature  of  these  associates  depends  on  the 
concentration  of  the  polymer,  salts,  on  the  pH,  molecular  weight, 
and  other  factors.  The  effective  cohesion  of  two  or  more  particles 
can  be  achieved  as  the  result  of  the  association  of  macromolecules 
already  adsorbed  at  one  end.  Durable  associates  will  most  fre¬ 
quently  be  formed  as  the  result  of  the  action  of  hydrogen  bonds, 
however,  in  the  presence  of  polyvalent  cations  they  can  be  formed 
also  between  ionogenic  groups  united  through  cations.  Association 
is  promoted  by  the  heterogeneity  of  the  surface  of  the  solid  par¬ 
ticles,  as  a  result  of  which  local  increase  in  the  macromolecular 
concentration  occurs  (both  those  attached  to  one  particle  as  well 
as  those  attached  to  two  at  the  same  time).  The  association  of 
macromolecules  after  adsorption  leads  to  an  increase  in  the  dura¬ 
bility  of  the  cohesion  of  particles  by  virtue  of  »,ne  formation  of 
polymolecular  bridges,  which  under  certain  conditions  take  on  the 
character  of  a  separate  phase  of  the  gel  type,  exhibiting  mechani¬ 
cal  durability  and  elasticity  /I0,ll/. 

With  increase  in  PAA  concentration  its  adsorption  on  sur¬ 
faces  increases.  If  the  PAA  has  many  dissociating  carboxyl  groups 
■(as  in  the  case  of  strongly  hydrolyzed  PAA  in  neutral  medium), 
then  as  a  result  the  ^  -potentiaLl  of  the  particles  increases  and 
their  stability  is  greater.  However,  stabilization  during  in¬ 
creased  sonsumption  of  weakly  hydrolyzed  PAA  flocculants  cannot  be 
explained  by  the  increase  in  the  C  -potential,  since  the  floccu¬ 
lants  do  not  bring  about  a  significantly  higher  ^ -potential. 

As  was  shown  by  B.  V.  Deryagin  and  co-workers  /12/,  during 
adsorption  of  polymers  the  thickness  and  stability  of  the  wedging 
hydrate  layers  increases,  A  similar  effect  is  rev*»alfcd  also  with 
PAA:  by  means  of  flotation  experiments  /15/  and  measurement  of 
the  boundary  angles  of  wetting  /l4/  it  was  revealed  that  PAA  in¬ 
creases  the  hydrophilization  of  the  surface,  especially  at  high 
concentrations. 
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Initially,  with  increased  consumption  of  PAA  a  two-dimen¬ 
sional  strongly  hydrated  film  will  be  formed,  giving  the  particles 
additional  stability  /12/.  With  still  higher  consumption  an-  in»> 
dependent  phase  will  be  formed  in  the  form  of  a  thick  gel-like 
film,  and  with  sufficient  amount  of  PAA  a  mechanically  strong  gel- 
like  structural  network  will  be  formed  at  distances  exceeding  the 
dimensions  of  separate  grains  and  their  aggregates  all  throughout 
the  bulk  of  this  suspension  or  of  a  significant  portion  of  it 
/ll/.  As  a  result,  precipitation  of  particles  and  their  units  is 
greatly  retarded  or  halted  completely. 

Conclusions. 

1.  Aggregation  of  suspensions  by  polyacrylamide  flocculants 
is  caused  by  strong  adsorption  of  the  macromolecules  simultaneous¬ 
ly  on  several  particles  with  the  formation  of  durable  bridges  be¬ 
tween  them.  This  effect  can  be  intensified  as  a  result  of  a  reduc¬ 
tion  in  electrical  charge  on  the  particles. 

2.  Stabilization  of  suspensions  at  increased  concentrations 
of  the  polyacrylamide  flocculants  is  caused  by  an  increased  attach¬ 
ment  of  the  polymer  molecules  on  the  particles.  As  a  result  of  the 
significant  surface  co/ering  by  these  macromolecules  the  charge 

of  the  particles  is  increased,  along  with  an  increase  in  the 
thickness  and  durability  of  the  wedging  hydrate  layers  up  to  the 
formation  of  a  mechanically  stable  gel-like  structure  throughout 
the  bulk  of  the  suspension. 

3.  To  accelerate  thickening  and  filtration  of  ore  pulp  in 
an  acidic  medium  it  is  necessary  to  apply  weakly  hydrolyzed  poly¬ 
acrylamide  flocculant,  and  in  neutral  and  alkaline  media — hydro-- 
lyze.  The  optimal  extent  of  hydrolysis  in  a  neutral  medium  shoxild 
oe  selected  individually  for  each  pulp  together  vdth  reagents  con¬ 
taining  polyvalent  cations. 
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DETEBMIKATION  OF  THE  OPENNESS  OF  MIMEBAL  Q8AIHS 
USINO  AN  ANALYTICAL  METHOD 

V.  M.  Galich 
(Makhanobr  Institute) 


For  qvisntltaclve  evaluation  of  the  relatlonahlpa  between  free 
mineral  grains  and  their  concretions  at  present  the  gravitational  method 
of  determining  the  nature  of  iaqpregnation  by  meatis  of  separation  of  graded 
material  in  gravity  solutions  (1»2)  is  used^  With  this  method  the  total 
content  of  inclusions  is  determined  and  not  solitary  inclusions,  therefore 
the  data  obtained  is  more  reliable  in  predicting  the  behavior  of  ore 
during  bene ficiat ion. 

An  advantage  of  the  gravitational  method  is  also  the  possibility  of 
operating  with  cooqparatively  large  batches,  which  is  particularly  import¬ 
ant  in  appraising  c-res  with  uneven  impregnation  with  a  low  metal  con¬ 
tent,  where  the  application  of  other  analytical  methods  proves  to  be 
not  very  effective. 

Comparison  of  the  results  of  gravitational  analysis  of  similar 
size  classes  of  ore  samples  for  varic.us  degrees  of  crushing  showed  that 
the  increase  in  extraction  of  ore  minerals  in  the  htavy  fractions  with 
increasing  extent  of  crushing  of  the  samples  is  due  in  the  main  to  an 
increase  in  the  yield  of  the  finer  classes,  affording  increased  extraction 
as  compared  to  the  coarser  material. 

Tbe  research  methods  developed  and  treatment  of  results  laade  it 
possible  to  establish,  in  studying  various  ore  types,  with  sufficient 
accuracy  the  relationship  of  the  freeing  molybdenite  frsa  concretions 
and  revealed  the  character  of  the  concretion  of  minerals  in  molybdenum 
and  copper-molybdenum  ores  of  the  Ka'lzbidinskiy,  Shakhtominskiy ,  and 
Syrygichinit iy  deposits. 

A  preliminary  microscopic  study  of  the  samples  produced  a  general 
picture  of  the  mineralogical  coi^iosition  and  Is^regnatisn  of  molybdenite. 
The  samples  studied  can  be  divided  into  three  types: 


56 


type  i«  characterized  by  a  c^tqtaraCively  large  sulfide 
separations;  the  main  aize  of  the  molybdenite  scales  associated  with  the 
sulfide  aggregates  are  as  long  as  0.32-0.48  mOt  and  0.01-0.03  am  in  thick¬ 
ness  (san^>les  of  the  Dzhidinskiy  and  Shakhtominskiy  deposits) ; 

*ccopd  type  is  represented  by  thin  non-uniforc  li^regnation  of 
molybdenite  and  sulfide.  The  main  size  of  the  molybdenite  inclusions 
amnounts  to  a  length  of  0.22-0.36  mm,  a  thickness  of  0.01-0.02  an  (sample 
from  the  Kadzhldinakiy  deposit); 

The  third  form  is  distinguished  by  very  fine  non-tmifona  impregnation 
with  intimate  mutual  intergrowth  of  ^nlfitfes  and  rock.  The  size  of  the 
molybdenite  inclusions  vazles  from  l/lOOOth  milliiDetcr  to  0.21  ton  (samples 
from  the  Shakhtominskiy  deposit) . 

Below  the  Dzhidinskiy  and  Shakhtominskiy  deposits  are  considered 
in  detail,  which  differs  sharply  from  each  other  both  as  to  actual 
composition  as  well  as  is^regnation. 

Each  of  the  samples  investigated  was  crushed  over  different  periods 
of  time,  the  unloading  of  the  grinding  mills  and  also  the  flotation 
products  underwent  dispersion-screen  analysis  with  subsequent  chemical 
analysis  of  each  class.  This  data  was  coo^ared  with  the  results  of  the 
separation  of  narrovly  classified  material  in  gravity  solutions (Tables  1 
and  2 ,  Figure  1) . 


Figure  1.  Results  of  separation  in  gravity  liquids  of  pul¬ 
verized  or  of  the  Dzhida  fraction:  1  —  heavy;  2  —  li^t; 

3  —  average.  Syiygichiy  fraction:  4  —  heavy;  5  — 
li^t;  6  —  average.  Time  of  pulverization  -  10  minutes. 
LEGBtn):  a)  Recovery  of  Mo,  io\  b)  microns 


In  so  doing,  relationships  were  obtained  between  the  molybdenite  in  the 
fora  of  free  grains  or  rich  concretions  (heavy  fractions)  and  molybdenite 
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Results  of  Separation  in  Gravity  Fluid  of  Size  Classes  of  Dzhidinskiy  Deposit  Ore 


thialx^  l«terip«rted  In  the  country  rock  ailnerni  In  the  form  of  very 
lean  concretlona  containing  eapty  ore  (light  fractions). 

Used  aa  the  gravity  liquid  waa  broaofont  with  a  specific  gravity 
of  2.89  and  broawfona,  diluted  with  alcohol,  with  apaciflc  gravity  of 
2.7. 

The  operation  of  separation  in  gravity  solutions  for  the  site 
classes  was  carried  out  by  naans  of  standing  In  separatory  funnels,  for 
the  fine  classes  by  centrifuging  in  special  plexiglas  ampules.  The 
fractions  separated  ware  rinsed  free  of  the  gravity  solution,  dried  in 
a  thermostat,  and  subjected  to  chemical  analysis. 

The  results  of  the  analysis  (cf  Tables  1  and  2)  revealed  that  with 
reduced  class  sise  in  each  sample,  the  extraction  of  molybdenite  into 
heavy  fractions  with  increased,  while  in  the  intermediate  and  light 
fractions  »  this  extraction  rate  was  reduced. 

It  is  known  that  a  high  value  of  mineral  openness  leads  to  an 
Increase  in  the  extent  of  extraction  in  flotation  given  a  favorable 
ratio  of  openness  and  cvespiQverization,  i.e.,  when  the  first  factor 
pred<Ksinate8  over  the  second.  Therefore,  the  optimum  fineness  range 
of  ore  pulverization  is  of  undoubted  interest. 

LEGENjD  to  table  1j  a)  Class  size,  microns;  b)  Heavy  fraction, 
specific  wei£^it  >2.89;  c)  Intermediate  fraction,  specific 
veig^it  <2,89  .>2.70;  d)  Lig^it  fraction,  specific  wei^t 
2. 70;  e)  Yield,  5^;  f)of  class?  e)  of  ore;h;  Mo  content, 
i)  fiecoveiy  of  Mo  content  in  the  class,  jt;  j)  Recovery  from 
Mo  content  in  the  ore,  k)  Original  material. 


LEGEND  TO  TABLE  2:  Aa  for  Table  1 
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According  to  the  flotation  experloenta  conducted  followed  by 
classification  of  the  beneficiation  products  an  evaluation  was  made 
and  curves  of  the  molybdenum  extraction  in  the  concentrate  from  the 
narrow  classes  of  the  original  ore  (Figure  2)  were  plotted.  The  curves 
show  that  the  maxisnim  molybdenite  extraction  from  the  products  of  the 
crushed  Dzhidlnskiy  sample  (at  the  optimum  extent  of  pulverization) 
can  be  obtained  from  the  size  clecses  of  -100  +  18.5  microns.  For 
the  corresponding  products  of  the  Shakhtoainskly  saj^^le  the  maximum 
extraction  is  obtained  from  size  classes  of  -52  +  9.25  microns. 


Figure  2.  Recovery  of  molybdenum  from  narrowly  classified 
material  of  grinding  mill  loads.  1  —  Dzhida;  2  —  §yrygichi. 
LEGEtn):  a)  Recovery  of  Mo,  b)  Microns. 


Tne  results  obtained  (cf  Table  1  and  2)  give  us  a  graphic 
picture  of  the  limits  of  optimal  openness  of  minerals,  where  the 
negative  effect  of  overpulverization  worsening  the  floatability  of 
the  mineral  particles  is  not  yet  in  evidence - 

During  the  investigations  it  was  found  that  the  distribution 
of  molybdenum  by  size  classes  is  quite  uniform  with  gradual  increase 
in  mineral  content  as  the  class  size  is  reduced  and  with  a  certain 
drop  in  content  in  the  finest  classes  of  the  pulverization  products. 

For  the  same  duration  of  pulverization,  in  spite  of  the  identical 
total  yield  of  the  classes  1«  two,  samples,  the  molybdenum  distribution 
differed  in  these  two  samples;  Che  extraction  in  the  slurry  portion  (-4.5 
microns)  is  lower  for  the  more  finely  impregnated  of  Syrygichinskiy 
ore,  in  which  consequently  the  useful  minerals  are  subject  to  over- 
pulverization  to  a  lesser  extent. 

The  curve  in  Figure  3  illustrates  this  situation.  Thus,  in  Che 
pulverization  of  sa&mles  for  thirty  minutes,  17.39  per  cent  of  the 
molybdenite  belongs  to  the  13  micron  class  for  the  Syrygichinskiy  ssa^le, 
while  40.10,  for  the  Dzhidlnskiy  sample. 

Upon  coi3q>aring  the  tests  made  it  was  noticed  that  the  extraction 
of  molybdenite  concretions  in  corresponding  classes  of  Che  Internedlate 
fractions  is  significantly  iccreased  for  the  finely  impregnated  ore 
of  Che  Syrygichinskiy  ssnqile,  while  in  Che  heavy  fractions  of  this  saa4>le 
molybdenite  extractlpm  falls  off.  This  indicates  that  the  openness  of  the 
mineral  grains  in  finely  li^>regnsted  ore  occurs  less  intensively  Chan  in 
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co«r««ly  iapr«gnat«d  ore  o£  the  Dxhidlnskiy  deposit.  This  Is  conflrsMd 
by  theoretical  oelculAtionstiasde  for  the  purpose  of  determining  the  number 
of  molybdenite  concretions  containing  ore  In  each  sample  pulverized 
to  differing  coarsenesses. 


Figure  5«  Distribution  of  Molybdenum  by  Size  Claeses  in  the 
Pulverization  Products.  Solid  lines  —  Dzhida;  dashed  lines 
—  Syiygichi.  Numbers  on  the  curves  —  pulverization  time  in 
minutes.  LEGENDi  a)  Recovery  of  Mo,  b)  Minute}  c)  Original 
ore;  d)  Microns 


From  Tables  1  and  2  we  know  the  extraction  In  the  light  fraction 
of  each  class;  for  the  calculations  the  average  value  of 

extractions  between  classes  was  adopted.  ^ 

The  amount  of  concretions  Qcj.  of  molybdenite  In  each  ore  class 
was  determined  from  the  formula 


‘cp-‘ 


iw  ’ 


where  =  average  extraction  in  the  light  fractions; 

£  =  extraction  of  mineral  In  the  narrow  class. 

Then,  the  total  nvsiber  of  concretions  Q  in  each  class  will  be 
Qi  +  Qj  -f  Q3  H - +  Qn  —  Q, 

where  Q^,  ^2’**^  number  of  concretlona  In  each  claaa. 
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The  results  of  the  cslculstions  are  presented  in  the  form 
of  curves  in  Figure  4  and  Table  3. 


Figure  4.  Comparative  results  of  recovery  of  molybdenum 
in  light  fraction  (l)  and  its  content  in  the  li^t  frac* 
tion  (2)  and  in  the  tailing  (5)  as  a  function  of  the 
pulverization  time?  a  —  Syrygichi;  b  —  Dzhida.  LBGEIND: 
a)  Recovery  of  Mo,  io',  b)  Pulverization  time,  minutes;  c) 

Content  of  Mo  in  (2),  d)  Content  of  Mo  in  (3),  io 

A  sharp  decrease  in  the  number  of  concretions  during  the  beginning 
moments  (for  pulverization  lasting  3  and  10  minutes)  occurrs  with 
decreased  coarseness  of  material,  and  then  the  opening  up  of  the 
concretions  takes  place  at  this  lower  rate. 

A  practically  quite  complete  release  of  molybdenum  from  the 
concretions  containing  country  rock  begins  for  coarsely- impregnated 
ore  (Dzhida)  for  a  coarseness  of  the  order  of  seventy-four  microns, 
when  the  content  of  these  concretions  does  not  exceed  8-lOX,  for 
finely  impregnated  ore  (Syrygichi)  at  the  same  coarseness  the  release 
of  molybdenum  amounts  to  25-30X,  even  foi’  the  18.5+10  microns  material 
—  only  20-22X  of  the  total  molybdenum  content. 

On  comparing  the  data  obtained  with  the  results  of  flotation 
experiments  conducted  with  various  pulverization  times,  an  increase 
in  extraction  is  observed  <ip  to  a  definite  point  when  mineral  continues 
to  be  freed  from  the  concretions,  and  then  in  spite  of  the  fact  that 
the  opening  of  the  minerals  continues,  extraction  diminishes  due  to 
the  slurrying  of  the  molybdenite.  It  is  easy  to  trace  using  curve  3 
of  Figure  4  that  with  increase  in  pulverization  fineness  the  molybdenite 
content  in  the  tailings  is  reduced  due  to  the  additional  opening  up 
of  the  concretions,  but  then  increases  due  to  overpulverization  of 
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th«  free  leolybdenlCe  greine. 


TABLE  3 

Comparative  Results  of  the  Quantitative  Estimation  of 
Concretions  for  Different  Pulverization  Times  and  Flotation 
Methods  _  , _ 


■  CoaC^S^^llHC 

.an 

ca 

1 

Ko^ffi/lcTBO 

K.iacca 

HaucabHCiiHfl, 

CpUOKOU, 

-0.0/^  MM.  % 

MUM 

% 

(e)  Hwsaa 

Hcxoaiiaa  pyja 

2869 

0-3  MM 

— 

Z1 

5 

19.i3 

53 

10 

14.86 

67 

15 

12.32 

76 

20 

10.76 

88 

30 

8.84 

92 

40 

7.81 

(e)  ^ 

HcxoAitaa  pyja 

f)Cupi>trM>iK 

57.20 

0—3  MM 

— 

28 

S 

38.24 

41 

10 

32.15 

52 

15 

29.85  1 

64 

20 

27.45 

80 

30 

24.77 

88 

40 

22.79 

LEGEND:  a)  Class  content,  -0.074  9^1  b)  Pulveriza¬ 

tion  time,  minutes;  c)  Niunher  of  concretions,  d) 
Dzhida;  e)  Original  ore;  f)  ^rygichi. 


Conclusions 

1.  The  dispersion-screen  analysis  of  the  pulverization  products 
established  the  characteristics  in  sMlybdenite  distribution  into  ore 
samples  vith  differing  Mo  content  and  iapregnation.  It  is  shown  that 
under  identical  conditions  coarsely- impregnated  ore  of  the  Dzhidinskiy 
sample  is  subjected  to  overpulverization  to  a  greater  extent  than  is 
the  finely  impregnated  ore  of  the  Syrygiebinskiy  sample. 

2.  Based  on  the  dispersion-screen  and  gravitational  analysis 
a  calculation  was  made -of  the  number  of  molybdenum  concretions  in  the 
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aaterl«l  obtained  for  various  pulverization  tines  that  affords  a 
clear  picture  of  the  optimal  finerwsa  in  ore  pulverization  of  differ¬ 
ing  impregnation. 

3.  Gravitational  analysis  of  the  products  of  narrowly  classified 
samples  esLabllshed  that  with  decrease  in  class  coarseness  In  each 
sample,  che  extraction  of  molybdenite  is  increased  in  the  heavy  and 
decreased  in  the  intermediate  and  light  fractions;  the  degree  of  pulver¬ 
ization  needed  to  liberate  the  minerals  and  concretions  is  achieved 

for  the  coarsely- impregnated  ore  (Dzhida)  significantly  earlier  and 
more  completely  than  for  the  finely- impregnated  ore  (Syrygichi) .  Thus, 
for  practically  opening  up  of  molybdenum  concretions  containing  rock, 
pulverizatiou  to  74  -  52  microns  is  sufficient  for  coarsely- impregnated 
ore,  and  37  -  26  microns  for  finely- impregnated. 

4.  Preliminary  investigation  of  ores  using  the  gravitational- 
analytic  method  affords  a  possibility  of  obtaining  a  correct  and  suffi¬ 
ciently  complete  idea  of  the  extent  of  openness  of  mineral  components. 
This  is  of  essen.tial  value  both  for  the  study  of  ores  of  new  deposits 
as  well  as  in  the  adjustment  and  control  of  technological  processes  at 
existing  benef iciation  plants. 
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CALCULATION  OF  SURFACE  TENSION  OF  MOLTEN  HALOGENIDES 
AT  INTERFACE  WITH  INERT  PHASE  AT  MELTING  POINT 

0*K.  Sokolov 


InitituCe  of  Metallurgy  of  the  Acaden^  of 
Sciences  USSR 


Knowledge  of  the  surface  tension  of  nolten  salts  is  highly 
inportant  in  pyroaetallurglcal  processes^  but  also  pronotes  advances 
in  our  ideas  of  the  structure  nolten  substances.  In  several  studies 
/1-3/  are  presented  various  criteria  affording  qualitative  estimation 
of  the  surface  tension  of  melts.  In  this  article  the  problem  is 
posed  of  deriving  an  equation  for  calculation  of  the  surface  tension 
of  molten  salts  at  the  boundary  with  the  inert  phase  at  the  melting  point. 

As  is  known  /4/,  the  surface  tension  of  molten  salts  at  the 
boundary  width  the  inert  phase  is  determined  by  the  following:  inter¬ 
action  between  the  particles  within  the  melt;  crystal  structure  of 
the  salt;  value  of  the  crystal  lattice  energy  of  the  salt;  size  of 
the  cationic  radius  for  constant  anionic  radius.  The  surface  tension 
of  the  melt  itself  can  be  defined  as  the  Force  acting  on  the  surface 
layer  over  unit  length. 

As  our  starting  point,  we  take  the  assumption  that  the  melt 
consists  of  coordinations  of  ions,  1.  e.,  such  a  snitual  orientation 
which  corresponds  to  short-range  orders  of  structure  of  the  chrystal 
lattice.  Thus,  for  Instance,  a  melt  of  sodium  iodide  will  be  character¬ 
ized  by  mutual  orientation  of  cations  with  anions  of  iodine 
and  a  melt:  of  calcium  chloride  —  by  catiocs  of  calciue  with  anions  of 
chlorine  Ca^Cl2y,  etc, ,  in  which  the  coordinations  of  the  ions  in  the 
melt  arc  not  detached,  but  are  in  interaction  with  each  other. 
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If,  however,  It  Is  assumed  that  the  melt  consists  of  distinct 
ion  coordinations,  i.e.,  coordinations  of  ions  not  interacting  with 
each  other,  and  that  the  number  of  ions  entering  into  coordination 
is  minimum,  then  in  this  case  the  surface  tension  is 


a  = 


(1) 


where  F  =  force  of  interaction  between  the  ions  of  opposite  sign,  dyne; 
X  -  path  along  which  the  force  acts,  cm« 

The  force  then  of  interaction  between  ions  of  opposite  sign  is 


(2) 


where  Zk  and  Za  =  valencies  of  cation  and  anion; 

=  charge  on  electron  =4.8  *  lO"^®  absolute  electrostatic 

unit; 

d  =  distance  between  anion  and  cation  in  crystal,  cm. 

Calculating  the  force  F  according  to  equation  (2) ,  we  in  so 
doing  take  account  of  the  main  principles  which  govern  the  surface 
tension  of  melts. 

It  must  also  be  noted  that  we  have  made  certain  assumption, 
when  in  equation  (2)  we  place  the  value  d  equal  to  the  distance  between 
the  anion  and  the  cation  in  the  crystal,  and  not  in  the  value  d  eqiial 
to  the  distance  in  the  anion  and  the  cation  for  the  melt  at  the  melting 
point.  This  is  necessitated  by  the  fact  that  at  present  for  most  salts 
values  of  distance  between  anion  and  cation  at  the  melting  point  are 
lacking.  But  since  the  value  of  the  distance  between  the  anion  and 
the  cation  for  che  crystal  and  the  melt  at  the  melting  point  are  close 
to  each  other  /5-7/,  then  the  error  in  calculating  the  surface  tension 
at  the  melting  point  will  be  insignificant. 
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Figure  1.  Minimixm  path  along  which  the  force  acts  in 
the  icslt  (schematically). 


The  ainionaa  path  along  which  the  force  F  acts  (Fig  1)  can  be 
calculated  from  the  equation 

srf  +  or. 


where  =*  radius  of  anion; 

S  -  nuaber  of  distances  between  anion  and  cation  in  the  crystal 
for  a  "aolecule"; 

a  =  nmber  of  anion  radii  in  the  "aolecule"  not  entering  into 
d; 

m  ^  niasber  of  cation  radii  in  "aolecule". 

Actually,  if  we  have  a  substance  of  the  McX  type,  then  in  this 
case  b  »  2,  a=0,  a=2,  i.e.. 


For  a  coopound  of  MeX2  we  have:  b=2,  a=2,  m=2,  i.e.. 


/  = 


As  follows  from  Figure  1,  the  value  of  the  ^  is  that  ain- 
iiauB  distance  at  which  the  force  F  acts,  and  the  entire  aelt  will  be 
cooqpriaed  of  the  given  nlniiaal  distances. 

If  the  aelt  in  reality  consists  of  coordinations  of  ions  that 
are  isolated  and  that  contain  Che  alniaal  nuaber  of  ions  in  coordina* 
t^on,  then  by  placing  the  values  of  Faid  /  in  eqiiation  (1),  we  will  ob¬ 
tain  the  value  of  the  surface  tension  at  the  interface  with  the  inert 
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phAse  at  the  cotapouad'a  me'itlag  point.  And  in  order  to  obtain  from 
equation  (1)  the  value  of  the  surface  tension  expressed  In  dyt.e8/cm, 

It  must  be  multiplied  by  the  coefficient  K  =  10”^ 

(3) 

In  Table  I  are  presented  data  on  surface  tension  calculated  ac¬ 
cording  to  equation  (3).  As  follovs  from  the  data  obtained,  both  salts 
have  a  calculated  surface  tension  value  below  the  experimental  (Tables 
1  emd  2). 

TABLE  1 

Values  of  the  Surface  Tension  Calculated  from  Equation  (3) 


(a) 

CoJife 

1 

PaCCTORIIHC 
sriKAy  aiiHoiiOM 

M  KaiMOIIOM  B 

KpHcraaAC  (8.91 
(b) 

o 

L  A 

TcT- 

at 

a 

! 

o 

K 

xrr 

as 

Lici 

2.56 

2,56 

3.53 

138.0 

NaCl 

2.81 

2.81 

2.91 

103.5 

KCI 

3,14 

3,14 

2.31 

74.5 

RbCl 

327 

3,27 

2.16 

66,0 

CsCl 

3.56 

3.56 

1.81 

51,2 

MgCL 

2.59* 

4.40 

6,87 

156,2 

CaCI, 

2.70 

4.51 

6.32 

140.0 

StCI, 

3,02 

4.83 

5.07 

105.0 

BaCI^ 

3.18 

4,99 

4.56 

91.5 

PbCi, 

3,13* 

4.91 

4.69 

95,0 

SnCI 

2.81* 

4.64 

5.75 

124.0 

LfF 

2.01 

2.01 

5.72 

284,2 

NaF 

2.31 

2.31 

AM'i 

187.4 

KF 

2,67 

2,67 

3,25 

121.8 

NaDr 

2,98 

2,98 

2.58 

86,5 

KBr 

3.29 

3.29 

2.13 

61.7 

NaJ 

3,23 

3.2:i 

2.21 

68.4 

KJ 

3,53 

3.53 

5,85 

52.5 

RbF 

2.82 

2.82 

2.91 

103.2 

RbBt 

3.43 

3.43 

1.95 

56.9 

RbJ 

3.66 

3.66 

1.72 

47.0 

CsF 

3,00 

3.00 

2.56 

85.4 

CsBr 

3.71 

3.71 

1.67 

45.0 

c. 

3,95 

3.95 

1.47 

37.2 

LEGEND:  *The  value  of  d)  is  taken  as  equal  to  the  sum  of 
the  radii,  a)  Salt;  b)  Distance  between  anion  and  cation 
in  the  ciystal  /8,  9/}  c)  F‘10~4  dyne;  d)  liynes/cB 
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TABLE  2 


Surface  Tension  Values  for  the  Ealogenides  at  the  Melting  Point 


(b)  (c)  (d)  (e) 


(a) 

Coilb 

Paawyc  j 

KaTHOiia  j 

noj.  X  j 

A  3  (5). 

duMiCM 

«r  pac***!- 
Kaf). 

dUHtJt 

Siiatciiiu  3  na  ohutmuii 
paa.'iitmiux  aniopoB 

HI  { 

ilii 

1131  1 

-121 

LICJ 

0.78 

0 

I.IS.O 

1.37.8 

_ 

140.2 

NaCi 

0.98 

21.1 

124,6 

11.3.8 

:  116.4 

114.1 

109.0 

KCl 

1.33  1 

30,6 

105,1 

97.1 

9843 

07.4 

91.0 

RbCI 

1.49  1 

31.4 

97.4 

96,3 

— 

98,3 

83.0 

CsCI 

1,65 

27.0 

78.2 

91.3 

— 

91.3 

72.0 

MgCl, 

0.78 

0  ! 

156.2 

138.6 

— 

66,0* 

CaCI, 

1.06 

36,9  j 

176.9 

152.0 

— 

— 

— 

SfCI, 

1.27  i 

40.5 

I45.S 

176.4 

— 

— 

— 

BaCJj 

1.43  i 

41.6 

133.1 

174,4 

— 

175.0 

PbCl, 

1.32  j 

38.9 

133.9 

138.0 

1364 

— 

__ 

SnClj 

1,02  ! 

29.2 

153.2 

99.5 

— 

... 

LfF 

0,78 

0 

284.2 

249.5 

— 

255.2 

— 

NaF 

0.98 

38,3 

225.7 

1995 

— 

201.6 

— 

KF 

i;j3 

50.3 

\n.\ 

138.4 

— 

143,2 

— 

NaBr  , 

0.98  j 

17,7 

104.2 

— 

99.96 

5064 

— 

KBr 

1.33  ! 

26.7 

91.4 

— 

89.78 

88.8 

81,0 

NaJ 

0.98  j 

14.0 

82.4 

— 

87.91 

88.2 

— 

KJ 

1.33  ! 

21.7 

744? 

— 

7944 

78.3 

72.7 

RtF 

1.49 

49.1 

152,3 

— 

132.0 

RbBf 

1.49 

27.1 

84.0 

— 

90.7 

— 

RbJ 

1.49 

22.4 

mfi 

— 

80.3 

CsF 

1.65 

45.0 

130.0 

— 

— 

107.1 

CsBr 

1.65 

23.7 

68.7 

— 

— 

83.6 

CsJ  ' 

1.65 

19,6 

56.8 

— 

91.6 

LEGSNI):  ♦According  to  data  of  0.  G,  Itesyatnikov,  Zbumal  priklad 
noy  khiiaii.  XXXIX,  870,  1956.  a)  Seltj  h)  Cation  radius  |  c)  ^ 
dj^es/cinj  d)  o  calculated,  dynes/cm;  e)  Values  of  a  from  experi¬ 
mental  data  of  several  authors 
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The  deviation  of  the  calculated  data  froa  the  experiMatal  it 
due  to  the  fact  that  the  aelt  conaiata  of  ion  coordinationa  that  are 
not  iaolated,  but  which  are  in  interaction  with  each  other,  and  that 
the  coordinationa  themaelvea  do  not  alwaya  contain  the  miniaun  number 
of  iona.  Therefore,  in  order  to  obtain  a  true  value  of  the  aurface 
tenaion  at  the  interface  with  the  inert  phaae,  it  is  necessary  to  add  to 
equation  (3)  the  quantity  ,  i.e., 

(4) 

The  variation  in  aurface  tenaion  at  the  interface  with  the  inert 
phase  is  accounted  for  by  the  interactions  of  ion  coordinations  with 
each  other,  such  as  the  nisaber  of  ions  in  coordination  will  probably 
be  determined  by  the  size  of  the  cation.  Actually  (Figure  2)  the 
smaller  the  cation  radius,  the  more  densely  it  is  enclosed  (screened) 
by  the  surroiinding  Ions  of  the  coordination  Itself,  and  consequently, 
the  less  open  for  action  on  it  of  ions  of  mixed  coord ioat ions, 
and  the  greater  the  cation  radiua,  the  lesa  it  is  "screened"  by  the 
ions  of  the  coordination  Itself  and,  therefore,  the  more  accessible  it 
is  to  the  influence  of  the  inner  ions  of  its  surrounding  coordinations. 
As  follows  from  ^(Figure  2) ,  the  "shielding"  of  the  cations  by  the  co¬ 
ordination  anions  will  increase  from  coordination  of  ions  c  to  coor¬ 
dination  of  ions  a.  If  however  the  above  stated  requirements  are  valid 
then  there  probably  must  be  some  value  for  the  cation  radium  at  which 
A<^  »  0.  Thus,  assuming  that  when  (r*  /rj,  )  »  0,  or  (ra  /riJ 

change  in  surface  tension  will  be 


Transforming  this  eqiiation,  we  obtain 
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Figure  2.  "Screening”  of  cation  as  a  function  of  its 
of  given  coordination  in  the  melt. 

LSGEIfDx  a)  Coordination  ax  b)  Coordination  b;  c) 
Placing  the  value  of  Ao  in  the  equation  (4)t  we 


size  hy  anions 

Coordination  c. 
will  have 


I 

Further,  assuoing  that  r^^  is  numerically  eqvial  to  the  radius 
of  the  lithivuQ  cation  (from  experimental  data),  we  get 


3  = 


(6) 


Thus,  the  surface  tension  of  melted  halogens  is  determined  by 
the  force  of  interaction  between  ions  of  opposite  sign  as  in  the  ion 
coordination  itself,  and  also  between  mixed  coordinations  of  ions 
per  unit  path. 
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The  equation  (6)  i»  recoanended  for  celculetlon  of  surface  ten¬ 
sion  of  Molten  halogenides  at  the  inner  phase  with  the  inert  phase. 

It  follows  from  the  equation  that  at  a  cation  radius  of  the  molten  salt 
equal  to  0.78  AU,  the  second  member  of  the  equation  will  be  for  the 
zero  period  at  a  cation  radius  of  the  aK>lten  salt  less  than  0.78  AU, 
the  second  ntsaber  in  the  equation  will  have  a  negative  sign,  and  in 
the  case  when  the  value  of  the  cation  radius  is  greater  than  0.78  AU, 

—  a  positive  sign. 

Table  II  presents  data  calculated  according  to  equation  (6)  and 
experimental  data  of  several  authors.  As  follows  from  the  data  in 
Table  II,  for  monovalent  halogenides  the  experimental  and  calculation 
data  are  quite  close  to  each  other,  while  deviations  of  halogenides 
bivalent  metals  are  somewhat  greater. 

In  our  opinion,  the  deviation  of  the  calculated  values  of  the 
surface  tension  at  the  interface  with  the  inert  phase  from  experimen¬ 
tal  values  is  caused  mainly  by  the  fact  that  our  values  for  the  cation 
radii  are  taken  equal  to  the  value  of  the  radius  in  six-fold  coordina¬ 
tion,  while  in  the  melt  radii  can  differ  significantly  from  their 
values  in  six-fold  coordination  of  ions. 

In  conclusion,  it  is  necessary  to  note  that  the  proposed  equa¬ 
tion  can  be  used  in  calculating  surface  tension  of  molten  halogenides 
at  the  melting  point  and  is  applicable  only  for  those  halogenides  for 
which  not  more  than  two  anions  are  required  for  one  cation.  This  last 
requirement  stems  from  the  fact  that  the  suggested  equation  cannot  take 
into  account  the  force  F  acting  per  unit  path  for  salts  in  which  more 
than  two  anions  are  necessary  for  one  cation. 

COWCLUSION 

1.  It  is  shown  that  the  surface  tensL.'n  of  molten  halogenides 
at  the  boundary  with  the  inert  phase  is  det-  -mined  by  the  force  of 
interaction  between  the  ions  of  both  the  coordination  Itself  as  well  as 
of  ions  of  adjacent  coordinations  per  unit  path. 

2.  An  equation  is  derived  for  calculation  of  the  surface  tension 
of  molten  halogenides  at  the  boundarv  with  the  inert  phase  for  the 
melting  point  and  good  agreement  is  shown  between  the  experimental  and 
calculated  data. 
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DIFFUSION  KINETICS  OF  THE  DISSOLUT’ION  OF  COPPER, 
NICKEL  AND  IRON  IN  MOLTEN  METALS 


P,  M,  Shurygin  and  V.  D.  Shantarin 


(Ural  Polytechnical  Institute,  Faculty  of  the 
Theory  of  Metallurgical  Processes.) 


As  has  already  been  noted  /l/,  investigations  of  dissolu¬ 
tion  kinetics  from  the  equally  accessible  surface  of  the  revolv¬ 
ing  sample  /2/  can  be  one  of  the  methods  of  determining  the  diffu¬ 
sion  coefficient  D  in  melts.  Therefore,  we  attempted  to  obtain  as 
far  as  possible  systematic  data  on  the  rates  of  dissolution  of 
copper,  nickel  and  iron  in  melts  of  the  more  fusible  metals,  and 
to  find  the  value  of  D  for  copper  in  several  different  solvents. 

Information  on  the  coefficients  of  diffusion  are  of  inter¬ 
est  in  the  analysis  of  kinetic  relationships  of  a  large  number  of 
processes  of  alloying,  deoxidation,  producing  alloys,  zone  melt¬ 
ing,  corrosional  stability,  etc.  Moreover,  the  study  of  diffusion 
aids  us  in  discovering  certaii.  peculiarities  in  the  structure  of 
liquid  metals.  Data  on  diffusion  coefficients  in  the  literature 
are  limited  to  a  few  studies  by  several  authors,  a  summary  of  which 
is  given  in  the  works  /3,^/. 

We  present  in  the  present  report  results  of  measurements 
of  dissolution  velocities  and  diffusion  coefficients  of  copper, 
in  liquid  zinc,  cadmium,  tin,  lead,  antimony,  bismuth  and  an  alloy 
of  aluminum  with  copper,  and  also  iron  and  nickel  in  molten  cooper. 

The  experimental  method  was  described  in  detail  in  the 
work  /l/.  The  molten  metal  was  placed  in  a  graphite  crucible. 

The  samples  were  reinforced  with  fireproof  material  in  graphite 
holders.  To  protect  the  dissolved  disks  from  possible  oxidation 
as  they  were  heated  in  a  fUrnans  to  experimental  temperature  they 
were  covered  by  a  film  of  solder  beforehand.  Considering  the  low 
values  of  kinematic  viscosity  of  the  liquid  metals,  and  the 
danger  of  turbulent  flows  caused  thereby,  for  the  experiments 
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■aall  •«npl«8  v«r«  used  no^;  more  than  10  mm  in  diameter.  With  decrease 
in  vei^t  (by  300-300  mg'),  the  surface  area  of  the  disks  and  the  time  of 
dissolution  (up  to  5  minutes)  were  iised  in  calculating  the  rate  of  the 
process  v  (in  mg/cm^'sec). 

The  latter  quantity,  in  accordance  with  the  equation  of  physical 
chemistry  hydro  dynamics  /2/,  is  equal  to 

2.  _  ’ 

¥  =  0,62^^  v“ (C^  -  C,  )  KuT=  aTu.  .  ( 1 ) 

where  Cy  and  «  concentrations of  dissolved  substance  in  bulk 

of  solx\tion  and  about  sample,  respectively. 

The  quantity  v  according  to  this  equation  should  vaiy  linearly 
with  the  square  root  of  the  angular  velocity  of  disk  rotation  0  . 
Actually,  for  all  the  systems  studied  the  dissolution  rates  were  under 
diffusion  conditions  and  %d.thin  the  limits  of  accuracy  of  the  experiment 
were  descilbed  at  constant  temperature  fixed  of  the  equation  (l) 
(Pigure  l). 


Figure  1,  Kinetics  of  the  dissolution  of  metals  as  a  function  of 
the  angular  rate  of  rotation?  iron  (l,  2,  j)  and  nickel  (4)  in 
copper,  copper  in  aluminum  (5),  in  antimony  (6),  in  zinc  (7),  in 
lead  (8),  in  bismuth  (9),  and  in  tin  (lO).  lEGEN]):  a)  mg/cm2»sec 

Hi^  values  of  v  for  copper  in  aluminum  and  nickel  in  copper  are 
caused  not  only  by  the  relatively  hi^  ten^jeratures,  but  also  by  the 
high  saturation  concentrations  of  these  metals.  Moreover,  when  Cu 
is  dissolved  in  A1  the  rate  will  be  so  high  that  they  could  not  even  be 
measxired  by  the  method  used.  Therefore,  for  a  reduction  in  v,  50^  Tsy 
weight  of  Cu  is  added  to  the  molten  alxudnum,  thus  increasing  Cy  itself. 

As  is  to  be  expected,  with  increase  in  temperature  the  dissolu¬ 
tion  rate  is  increased,  detersiined  by  the  change  in  viscosity,  diffusion 
coefficient,  and  solubility  •  Therefore,  when  Cy  «  0,  the  quantity 
v  varies  with  teu^erature  according  to  an  exponential  law.  In  Figure  2 
the  effect  of  tenperature  on  the  dissolution 
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rat*  of  nickel  and  iron  in  copper  is  plotted  in  the  coordinates 

Ig  -  l/T,  and  also  of  conper  in  lead. 


Figure  2.  Temperature  dependence  of  the  dissolution  rate  used: 
i,  2  —  nickel  and  iron  in  copper;  3  —  copper  in  lead. 


If  one  were  to  use  literature  data  on  the  viscosity  of 
liquid  metal  /5/  solubility  /6/  and  density,  then  according  to 
equation  (l)  it  is  possible  to  calculate  the  quantity  D  in  disso¬ 
lution  and  from  it  the  energy  of  activation  E  of  the  diffusion. 

The  results  of  calculations  for  three  metals  are  shown  in  F^g,  3 
in  semi-logarithmic  coordinates.  The  remaining  values  are  shown 
in  Table  i. 

hoteworthy  are  the  large  differences  in  for  various 
metals  within  limits  from  5.8  kilojoules/raole  for  the  diffusion  of 
copper  and  cadmium  to  50.0  kilojoules/mole  in  the  diffusion  of  iron 
and  copper,  in  which  the  lower  values  of  the  pre-exponential  fac¬ 
tor  in  the  following  equation  correspond  to  the  low  E 

During  dissolution  migration  of  atoms  occurs  through  the 
layer  with  variable  composition  from  ^  the  effective 

coefficient  of  diffusion  refers  to  some  average  concentration. 

Knowledge  of  the  values  of  the  diffusion  coefficients  in 
various  solvents  allows  us  to  make  certain  compca*isons.  Solubility 
of  copper  in  metals  at  a  fixed  temperature  of  the  700°  rises 
from  bismuth  to  cadmium,  i.e.,  with  decreasing  atomic  number. 

This  is  accompanied  by  a  regular  reduction  in  the  diffusion  ener¬ 
gy  of  activation  (Fig.  4).  As  a  rule,  the  high  slopes  of  the 
liquidus  lines  correspond  to  the  higher  heats  of  solution,  since 
the  heat  of  fusion  of  copper  remains  unchanged.  In  other  words, 
large  Ch  corresponds  to  high  heats  of  solution  of  copper  in  the 
alloy. 
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Figure  3*  Temperatiire  functions  of  diffusion  coefficients: 

1,  2  —  iron  and  nickel  in  copper;  3  —  copper  in  aluminum, 

TABLE  1 

Mffusional  Characteristics  in  the  Process  of  Dissolution  of  Metals 


X 

a 

c* 

n 

TbT.  i 

PaciBopK* . 
Te;ib 

'  Tc) 

■Mo.ej^lceK 

(d) 

E. 

KdxlMOAb 

Cu 

Al-Cu 

6.6  •  10* 

177 

Toacc 

Zn 

3.3  •  10-® 

8.2 

Cd 

2.T  .  10-® 

5.8 

Sn 

W  •  10“® 

6.1 

Sb 

2;23  •  10-* 

IJ.O  . 

- 

Pb 

4.1  . 10~^ 

9,6 

Bi 

i.u .  lo-* 

n.6 

Fe 

Cu 

0,57 .  10"* 

50,0 

N{ 

Cu 

4.70  •  I0~* 

41,8 

LEGEND:  a)  Element;  h)  Solvent;  c)  cm^/sec;  d)  Kilojoules/mole; 
e)  Also. 

Therefore,  the  function  in  Fig.  4  is  to  a  certain  extent 
similar  to  the  rule  of  chemical  kinetics  which  holds  that  the  en¬ 
ergy  of  activation  of  a  process  decreases  linearly  with  increase 
in  its  heat  effect.  Moreover,  in  most  cases  /3/  the  activation 
energy  of  self-diffusion  considerably  exceeds  the  E  of  diffusion. 
The  process  of  migration  in  solids  /?/  is  characterized  by  values 
of  E  comprising  a  significant  (0,4  -  0.7)  proportion  of  the  heat 
of  sublimation  AR,  In  molten  metals  E  proves  to  be  smaller  by 
an  order  of  magnitude  /4/.  But  in  this  case  as  well  a  correlation 
is  revealed  (Cf.  Fig.  4)  between  the  activation  energy  of  diffu¬ 
sion  and  the  heat  of  vaporization,  With  increase  in  the  latter 
E  also  rises,  amounting  to  however  only  a  small  proportion  of  AR. 
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A  direct  relationship  between  the  saturation  concentration 
and  the  heat  of  vaporization  can  be  found  from  Fig,  4  by  compar¬ 
ing  the  curves  1  and  2,  As  is  known,  such  a  relationship  cannot 
be  strictly  substantiated  thermodynamically  and  therefore  the 
functions  found  are  kinetic,  are  particular  in  character  and 
justified  evidently  only  for  a  certain  group  of  alloys. 

In  the  liquid  phase,  due  to  the  appearance  of  a  large  free 
volume,  the  displacement  of  particles  comoared  with  solids  is  ap¬ 
preciably  facilitated.  For  ready  fluidity  of  the  melts,  a  vacancy 
that  is  even  substantially  smaller  in  terms  of  the  dimensions  of 
the  diffusing  particles  can  serve  as  a  site  for  the  penetration  of 
migrating  atoms.  Therefore,  noteworthy  is  the  fact  of  an  increase 
in  E  and  a  decrease  in  il  with  rise  in  atomic  number  2  of  the  ele¬ 
ment  (Table  2). 

Table  2 

Energy  of  Activation  of  Diffusion  E,  Compressibility  ^  , 

«id  Atonic  Volumes  of  the  Solvent  Elements 

(c)  (d)  (c)  (f) 


(a) 

3.1CMCIIT 

(b) 

AtomiiuiI 

c* 

'S 

■ 

2 

e 

-'5 

7 

n 

o  . 

»- 

^  o 

***  2 

•  n 

<n. 

1 

•sT 

«r 

Zn 

30 

8.2 

9.16 

1.9 

754 

Cd 

48 

5.8 

13.00 

2.5 

6.30 

Sn 

50 

6.1 

16,30 

2.7 

.581 

Sb 

5{ 

II.O 

18.39 

274 

Pb 

82 

9.6 

18..30 

2.9 

4.31 

Di 

83 

11.6 

21.33 

3.7 

316 

LEGEND;  a)  Element}  b)  Atomic  number}  c)  Kilojoules/mole;  d) 
cm5/g*atom}  e)  bar”^,  adiabatic}  f)  erg/cm2 


The  atomic  volume  of  the  solvent  also  increases  in  the 
same  direction.  In  the  physics  of  metals,  moreover,  it  is  known 
that  the  compressibility  of  elements  with  increase  in  Z  rises. 

A  similar  relationship  has  been  observed  for  the  adiabatic  com¬ 
pressibility  ^  of  molten  metals  /%/  as  well.  Nevertheless,  See 
Table  2,  it  is  possible  to  trace  an  unexpected  parallel  between 
P  and  E,  i.e.,  the  energy  requirements  in  an  elementary  act  of 
diffusion  increase  with  increase  in  compressibility  of  melt. 

Comparison  of  the  diffusion  coefficients  of  copper  in  solj d 
/3/  and  liquid  metals  does  not  provide  a  simple  relationship  link¬ 
ing  the  quantity  Jlju  and  the  relative  change  in  volume  AX'  V 
in  fusion.  The  value  of  Jl^g  of  the  metal  differs  from  10^  for 
Sb  to  lo5  for  Pb.  =  A,,- A.J 
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In  spite  of  an  increase  in  the  coordination  number  during 
melting  and  negative  value  of  the  AV  for  bismuth,  Jl'^also  ex¬ 
ceeds  by  2  orders  of  magnitude  for  several  elements  /3/, 

The  high  surface  tensions  of  melts  0/9/  of  zinc,  cadmium, 
and  tin  correspond  to  the  smaller  values  ot  Jig  (Table  l).  And  in 
contrast,  smaller  O'  for  antimony,  lead,  anc*-  bismuth  correspond  to 
a  large! 

However,  a  simole  relationship  linking  the  volume  of  holes 
Vjj  =  0.68  (kT  :0  with  the  pre-exponential  multiplier  cannot 
be  viewed  yet  as  possible.  Only  a  qualitative  relationship  can  be 
traced  out  between  the  activation  energy  of  diffusion  and  surface 
tension.  Hign  interparticie  bonds  of  the  melt  with  high  value  of 
0  as  a  rule  correspond  to  lower  energies  E. 

Analysis  of  diffusion  in  solid  metals  taking  into  account 
their  compressibility,  thermal  expansion,  heat  of  sublimation,  and 
melting  point  have  led  /?/  to  an  expression  for  as  a  function 
of  activation  energy  in  the  form 


(2) 

lU 


where  A  and  B  =  constants. 

In  other  words,  a  linear  relationship  should  hold  between 
In  D,  end  In  the  derivation  of  equation  (2)  no  special  limita¬ 

tions  were  imposed  characteristic  of  an  anisotropde  crystalline 
body.  Th  refore,  we  attempted  to  verify  its  application  to  molten 
raevals. 


Figure  4*  Relationship  of  energy 
of  activation  of  the  diffusion 
process  with  the  value  of  the  solu¬ 
bility  of  copper  in  the  metals  Cg 
at  700“  (l)  and  the  heat  of  vapori¬ 
zation  of  the  elements  (2). 

LSGENDj  a)  g/cm^i  b)  Kilo joules/ mole | 
c)AHyap»  kilojoules/molo  -  5o  - 


Figure  5*  Pre-exponential 
qiumtity  as  a  function  of 
B/Tpji  for  various  metals. 

Lr,3£ND:  a)  joules/mole,  deg. 


Fig.  5  showo  tnat  in  addition  to  bismuth  all  the  measured 
values  of  Iniiofor  diffusion  of  cooper  in  melts  are  satis¬ 

factorily  described  by  equacion  (2).  The  exclusion  c>f  bismuth 
from  the  general  function  probably  cannot  be  accounted  for  by  the 
low  melting  point  and  the  high  E,  since  these  variables  were  con¬ 
sidered  along  with  the  volume  of  the  solvent  in  the  derivation  of 
the  formula  used. 

The  application  to  liquid  metals  of  the  equation 


n  — 

^  ^  6i:r 


encounters  the  limitations  related  to  two  facts.  First,  it  is 
necessary  to  substitute  in  it  the  value  of  ^  (In  C/d  In  a),  i.e. 
the  self-diffusion  coefficient,  and  consequently,  information  is 
needed  on  the  concentration  dependence  of  activity.  Secondly, 
at  constant  temperature,  as  was  noted  in  /lO/,  the  first  member 
depends  on  characteristics  of  melt  structure.  Therefore,  in  dis¬ 
tinction  to  the  very  dilute  amalgams,  our  data  on  diffusion  cannot 
be  described  by  the  simple  Stokes-Einstein  equation. 

Conclusions. 

1.  The  method  of  dissolution  from  an  equally  accessible 
surface  was  used  to  measure  the  dissolution  rates  and  the  diffu¬ 
sion  coefficients  of  copper  in  liquid  zinc,  cadmium,  tin,  antimony 
lead,  and  bismuth  and  also  of  iron  and  nickel  in  molten  Conner. 

2.  It  was  found  that  the  energy  of  activation  of  the  diffu¬ 
sion  nrocess  in  the  metals  studied  ranged  from  5*8  to  11.6  kilo¬ 
joules/mole  and  are  uniformly  lowered  with  increase  in  Conner  solu 
bility. 

3.  The  diffusion  coefficients  are  of  the  order  of  10“5  ctr,/ 
sec,  and  the  values  of  the  pre-exponential  factors  for  iron  and 
nickel  in  their  diffusion  in  copper  exceeds  by  10-fold  the  corre-r 
spending  values  in  the  diffusion  of  copper  in  fusible  metals. 

4.  The  qualitative  apnlicability  of  ideas  develoned  for 
diffusion  in  the  solid  state  is  shown  for  liquid  metals  and  aa  at¬ 
tempt  is  Lade  to  explain  the  results  obtained  from  the  vantage 
DOint  of  the  nole  structure  of  liquids. 
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AI^UDE  POLAHIZATION  OF  SILICON  IN’ 
THE  COPPKR-SL^G  SYSTEM 


G.  A.  Toporiehchev,  0.  A.  Yesin  and  V.  N.  Kalugin 


(Ural  Polytechnic  Institute,  Chair  of  the 
Theory  of  Metallurgical  Proceases.) 


The  interaction  between  molten  metals  and  slag  in  some 
cases  is  limited  by  the  access  of  reagents  to  the  interface  sur¬ 
face.  In  the  passage  of  direct  current  this  limitation  is  shown 
ir  concentration  polarization  /1-3/  developing.  This  relationship 
has  been  studied  chiefly  for  the  cathodic  process.  Information  on 
anode  polarization  is  still  limited  /2/,  In  this  connection,  we 
investigated  the  change  in  electrode  potential  with  current  den¬ 
sity  and  with  time  in  the  transition  of  silicon  from  liquid  copper 
to  molten  slag. 

The  alloys  were  prepared  from  grade  MOc  copper  and  pure 
silicon  (99,98%  Si),  Slags  containing  CaO,  Si02,  Al20^,  MgO, 

Na20,  and  ^2^5  were  prepared  from  oxides  of  the  pure  and  of  the 
analytical  grades.  The  electrolytic  cells  are  depicted  schematic¬ 
ally  in  Fig.  2,  The  construction  a  is  a  cylinder  of  molten  mag¬ 
nesium  50-60  mm  in  diameter,  and  70-80  mm  in  height,  in  which 
four  vertical  channels  are  arilled  (20-25  mm  in  depth,  eind  4-5  mm 
in  diameter  and  with  inclined  openings  to  these  channels  fc’*  tung¬ 
sten  current-lines.  In  the  use  of  this  cell,  liquid  alloys  of 
Cu-Si  of  the  same  composition  serve  as  the  anode,  cathode  and 
reference  electrode.  In  the  assemblies  6  and  6  a  magnesite  or  co¬ 
rundum  crucible  is  placed  in  a  graphite  or  alundura  cylinder.  In 
the  bottom  of  the  corundum  crucible  is  an  opening  0,5-2  mm  in  di¬ 
ameter.  The  arrangement  of  the  electrodes  and  the  current  lines 
Co  it  can  be  seen  from  Fig.  1.  In  cells  of  this  type  a  tungsten 
wire  (1-1,2  mm  in  diameter)  serves  as  the  cathode,  bent  in  its 
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lower  portion  in  the  form  of  a  circle  (5-10  mm  in  diameter). 
Through  its  center  passed  the  reference  electrode  made  of  plati¬ 
num  wire  (0.3  mm  in  diameter).  The  depth  of  submersion  of  the 
electrode  and  its  position  was  regulated  by  micrometric  scew. 


Figure  1.  Diagram  of  measuring  circuit  and  cell  design:  1  —  oxide 
malt,  2  —  metallic  alloy,  3  —  magnesite  crucible,  4  —  graphite  or 
corundum  crucible,  5  —  platinum  reference  electrode,  6  —  timgsten 
wire  cathode,  7  —  anode,  8  —  multi-limit  ammeter,  9  —  £0-7  elec¬ 
tronic  oscillograph,  10  —  resistance  magazine,  11  —  series  of 
batteries,  12,  I5  —  tvo-position  switches,  13  —  cathode  oscillograph 
with  afterglow,  14  —  contacts  of  depolarization  relay,  16  —  contacts 
of  polarizing  current  relay,  I7  —  PPTV-1  type  potentiometer,  18  — 
amplifying  current  attachment,  19  —  ^Ivanometer  with  scale  of  24*10“9 
amp/di vision,  20  —  commutator,  21  —  tube  voltmeter,  22  —  milliammeter, 
23  —  MPO-2  slave  oscillograph.  LEGEND:  a)  To  reference  electrode} 
b)  To  cathode,  to  iJiode}  c)  PPTV-1}  d)  Current  amplifier;  e)  MPO-2 
slave  oscillograph. 


The  diagram  of  the  measuring  circuit  is  shown  in  Fig.  1. 

It  permits  recording  of  the  volt-ampere  cjrve  by  the  commutator 
method  and  the  recording  on  photographic  film  by  means  of  the 
oscillograph — of  change  in  polarization  with  time  during  the 
switching  on  and  switching  off  of  current. 

Used  as  the  commutator  was  a  collector  seated  on  the  shaft 
of  a  small  motor.  The  current  from  the  anode  was  led  to  the  face 
of  the  collector  with  the  help  of  a  spring  plate.  The  reference 
electrode  and  the  cathode  were  connected  to  brushes.  In  one  revo¬ 
lution  of  the  shaft  four  switchings  elapsed,  such  that  at  l400  rum 
up  to  186  current  discharges  per  second  was  attained. 
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The  nature  of  commutator  performance  is  shown  in  Fig.  ?  by 
the  oscillograms  of  current  and  polarization  period  to  record  the 
current  oscillogram  a  loop  of  the  MPO-2  oscillograph  was  connected 
in  series  through  the  attachment  of  the  R-1  type  with  the  rheo¬ 
stat  10  (Cf.  Fig.  1).  The  variation  in  anode  potential  was  photo- 


^gure  2.  Oscillogram  of  current  (8) 
(b),  of  the  Cu-Si  alloy.  Coi  »  0.154, 
LEGEND:  a)  Second 


and  anode  polarization 
t  “  1420®,  I  *  O.I4  amp. 


graphed  with  the  screen  of  the  EO-7  oscillograph.  At  the  moment 
the  current  was  switched  on  (point  a  Fig.  2)  a  Sharp  jump  in  volt¬ 
age  was  observed  caused  by  the  ohmic  resistance,  then  a  smooth  in¬ 
crease  in  potential  due  to  polarization  of  the  electrode  occurred. 
When  the  current  was  connected  (point  b'  in  Fig,  2)  the  ohmic  volt¬ 
age  disappears  rapidly,  after  which  polarization  of  is  gradually 
reduced . 

Measurement  of  the  values  of  '  the  commutator  was  carried 
out  in  the  interval  of  time  from  c  to  d.  The  neglected  change  in 
potential  occurring  from  the  moment  the  current  was  switched  off 
to  the  beginning  of  measurement  represented  not  more  than  ^-7%, 

The  stability  of  the  number  of  commutator  switchings  and  the 
sharpness  of  the  discharges  were  controlled  during  the  experiments 
by  the  EO-7  electronic  oscillograph  in  conjunction  with  the  ZQ-10 
generator.  To  reduce  interference  and  induction  in  the  measuring 
circuit  the  reference  electrode  was  grounded. 

The  experiments  were  conducted  in  vertical  resistance  fur¬ 
naces,  the  heating  element  of  which  was  a  graphite  tube.  The 
temperature  held  constant  by  a  manual  or  automatic  control  using 
the  EPV-01  potentiometer.  It  was  measured  with  a  platinum-rhodium 
thermocouple  and  the  optical  OPPIR-17  pyrometer. 
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Before  determination  of  pcQar  ization  the  system  was  conditioned 
vith  weak  currents.  Then  successively  increasing  values  of  i  were  intro¬ 
duced  and  for  each  of  these  the  variation  in  anode  potez^l  vith  time  was 
established.  The  curves  i  were  constructed  from  the  polarization 

values  established. 

Initially,  the  behavior  of  the  copper  anode  without  silicon 
added  was  investigated.  Used  as  electrolyte  was  slag  containing  53^ 

Si02,  10?6  MgO  and  359^  CaO.  The  polarization  curves  obtained  (Pigxire  5i 
curve  l)  closely  adjoined  the  abscissae  axis  and  had  no  maximvim  currents, 


Figure  5*  Anode  polarization  curves  for  pure  copper  at  1290®  (l)  and 
for  the  following  Si  content  in  it:  0.006>  at  1240®  (2  and  2')i  O.Ojfo 
at  1230®  (3  and  3')»  0,013^  at  1430®  (4  and  4')*  Slag  in  experiments 
3,  3*>  4»  and  4'  *  15?^  Si02,  459^  CaO,  355^  AI2O5,  3%  B2O3;  in  experi¬ 
ments  1,  2,  and  2' :  559^  Si02,  359^  CaO,  109^  MgO.  The  diameter  of  the 
alloy-slag  interface  in  experiments  1,  2,  2'  is  O.3  cm}  in  experiments 
3,  3',  4,  4'  is  0.2  cm.  LEGEND:  a)  millivolts 

nor  inflection  points.  With  the  addition  to  copper  of  small  amounts  of 
silicon  clearly  pronounced  limiting  currents  appear  (cf  Figure  3)*  They 
are  probably  caused  by  delayed  diffusion  of  Si  atoms  in  copper.  This  is 
attested  to,  in  particular,  by  the  proportionality  between  the  limiting 
currents  i®  and  the  concentration  observed  at  the  given  temperature: 


Cg,  in  Cu,wgt%  0.006  0.07  0.’.  0,006  0.02  0.23  0.005  0.07 

Temperature, oc  1240  1240  1230  1300  1320  1330  1480  1480 

/o^  amp/cm2  0,5  5.4  7,2  0,95  4,0  26,2  3,4  38,0 


Deviations  from  this  fimction  are  caused  by  fluctuations  in  tempera ttire , 
by  error  in  the  determination  of  the  anode  composition,  and  by  the  change 
of  its  stirface  during  polarization. 

The  presence  of  limiting  cxirrents,  the  piroportionality  of  their 
concentration  of  Si  in  copper,  and  also  the  slow  decrease 
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and  increase  in  potential  with  time  (Fig.  2)  indicates  the  diffu¬ 
sion  nature  of  polarization. 

The  following  reactions  /See  Note/  are  possible  on  the 
copper-silicon  anode: 


—  +  4r; 

(1) 

Si  — 4  2^. 

(2) 

(/NOTE/  Here,  and  below,  the  symbols  of  the  ions  are  given 
schematically  without  accounting  for  their  complexation. ) 

Diffusional  polarization  in  this  case  is  caused  only  by 
deviations  at  the  electrode  concentrations  of  atonic  silicon  /Si/ 
and  the  ions  Si^^  and  Si^"*"  from  equilibrium  values.  Therefore, 
for  the  processes  (l)  and  (2)  it  can  be  represented  by  the  equa¬ 
tion 


RT. 


(Sl"^)_^7  (Si| 


where  p  =  equilibrium  composition. 

The  concentrations  of  Si  on  the  surfaces  of  the  copper-sili 
con  alloy  and  the  ions  of  Si  in  the  near-anode  layer  of  the  slag 
vary  with  the  current  density  in  accordance  with  the  exoressions 

|Sll  =  lSl|,~«=|Sll  /l-^j 

and 

(sr* )  =  (SI” ),  +  *; -  (si” , /i  +  iV 


Hence , 


0.0002  . 


0.0002 


Ig  i  1 


(3) 


Here  the  first  term  is  caused  by  the  accumulation  of  Si  ions  at 
the  anode,  and  the  second--by  the  excess  of  Si  atoms  at  the  sur¬ 
face  of  the  alloy,  due  to  their  rapid  removal  by  diffusion  within 
both  phases.  Since  the  concentrations  of  the  ions  (Si^  )p  is  high 
then  i^  i  and  the  first  term  in  the  process  (l)  can  be  neglect 
ed.  Then 


0.00027  , 
1.= - 


(4) 
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'  t  4  ( cut 

to.) 

Figure  4.  Change  in  anode  polarization  with  time  for  03^  =  0.08^ 
and  1250“  (1)  and  with  current  strength  for  Csi  =  0.11^  and  1250'' 
(2).  Slag:  159^3102,  359^  CaO,  20?^  AI2O5,  10^  Na20,  20^03205; 

X  =  4*95  seconds.  LEGEND:  a)  Seconds 


It  is  known  that  in  melts  the  ions  of  the  lower  valency  of 
the  non- transitional  metals  can  exist  only  at  low  concentrations 
/4/.  Therefore,  the  value  of  (Si^'*')^  is  low  and  for  the  process 
(2)  i®  1.  This  allows  us  to  neglect  unity  in  the  first  term 
of  equation  C3)  and  give  it  the  form 


0.0002,  /  0.0002  7-.  (.  I  \ 

— '  11 - r-'e 


As  Fig.  3  shows  the  experimental  points  on  the  polarization  curve 
fall  on  straight  lines  plotted  according  to  the  coordinates 

Their  angular  coefficients  (0,l6  -  0,21)  are  close  to  the  required 
equations  (5)  at  the  experimental  temperatures.  In  other  words, 
the  anodic  dissolution  of  silicon  under  the  conditions  adopted 
occurs  mainly  in  the  form  of  bivalent  ions.  Their  formation  on  the 
cathode  was  established  earlier  /3/,  but  only  at  high  concentrations 
of  silica  ("^30%  SiO^)  in  the  slag. 

We  should  note  that  in  certain  experiments  (Cf.  Fig.  3, 
curve  4)  still  another  limiting  current  was  observed  at  the  out¬ 
set  of  the  polarization  curve.  However,  its  magnitude  did  not 
depend  on  the  concentration  of  silicon  in  copper.  Experimental 
points  of  this  initial  section  of  the  curve  are  described  by  the 
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equation 


o.wio2r,  .  i\ 

At  experimental  temperatures  the  angular  coefficients  correspond 
in  some  cases  to  small  n  =  2.5  -  3.0,  and  in  others — n  =  0,95  - 
1.3.  The  last  value  was  attained  only  in  the  case  when  the  measure¬ 
ments  were  conducted  over  a  prolonged  time  in  a  cell  made  of  molten 
magnesium. 

Apparently,  in  the  first  case  the  anodic  wave  corresponds 
to  the  dissolution  of  boron  B  — »  +  3e,  inasmuch  as  it  has  a 

higher  electronegative  potential  as  compared  with  Si.  Boron  ap¬ 
peared  in  the  process  of  preparing  the  Cu  -  Si  alloy,  which  was 
carried  out  under  borate  slag.  Its  presence  in  the  metal  was 
confirmed  by  chemical  analysis. 

In  the  second  case,  the  wave  probably  corresponds  to  the 
oxidation  of  bivalent  iron  to  trivalent.  The  source  of  the  iron 
oxide  was  molten  magnesium. 

To  confirm  the  valency  with  which  silicon  enters  the  slag, 
the  change  in  polarization  with  time  at  a  current  density  above 
the  maximum  was  studied.  Under  these  conditions,  during  a  trans¬ 
itional  time  equal  to  T  the  polarization  curve  can  be  represented 
/5/  either  by  the  function 


^2  = 


0.0002  T , 

— j-'" 


corresponding  to  the  equation  (4),  or  by  formula 


corresponding  to  the  expression  (5). 

One  of  the  curves  of  the  polarization  increase  with  time 
for  the  alloy  containing  0.0B%  Si  is  shown  in  Fig,  4.  The  points 
of  this  curve,  in  the  coordinates 


T,- 
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fall  on  a  straight  line  only  for  case  1  (Fig.  5)*  The  line  has  an 
angular  coefficient  of  0.17»  which  corresponds  to  a  value  of  n  = 

2  at  the  experimental  temperature.  A  simile r  result  yields  analy¬ 
sis  of  the  quantity  ^  as  a  function  of  i  (T±g»  curve  2),  for 
the  alloy  containing  0.11%  Si  obtained  under  the  same  conditions 
as  was  curve  1.  Here  the. angular  coefficient  of  the  line  in  the 
coordinates  — [ig (I"  jy)]  also  yields  n  =  2. 

From  this  it  follows  that  the  diffusion  of  Si*^  occjirs  at 
least  at  an  order  of  magnitude  higher  more  rapidly  than  Si^  . 
Evidently,  this  is  due  to  the  lower  charge  and  large  size  of  the 
Si^'*’  cation,  which  in  this  respect  is  closer  to  the  modifier-ions 
(for  example,  Ca^'*',  Ba^'*’). 


*1» 


It 


Figure  5.  Lgrti"  -  Ig  (l  )  and  Ig  {/- )  as  functions 

of  anode  potential  for  alloys  containing  0.08^  Si  at  1250®. 
Slag:  15?^  Si02,  55?^  CaO,  20^  AI2O5,  20fo  B2O5,  10?^  Na205. 


To  determine  the  diffusion  coefficients  a  method  was  used 
75,6/  based  on  the  fact  that  at  a  current  density  higher  than  the 
limiting  value,  after  a  certain  interval  of  time  a  jumn  in  poten¬ 
tial  is  observed  caused  by  the  reduction  in  the  concentration  of 
the  dissolving  element  down  to  zero.  The  transitional  time 
can  be  found  from  the  curve  of  increase  in  polarisation  with  time 
(Cf.  Fig.  4)  and  the  diffusion  coefficient  calculated  /?/  from  the 
formula 


K «  C*  ' 
0 


Under  the  assumption  that  the  surface  of  the  liquid  cooper  anode 
is  a  hemisphere  /2/,  values  of  D  were  obtained  in  the  1100-1350° 
temperature  interval  which  are  described  by  the  equation 
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/ -12000  \ 

A  =  14,8  •  10  exp^ — WT~)  ■ 

Here  the  diffusion  energy  of  activation  is  12  kilocalories* 

The  values  of  DSi  in  copper  that  were  found  afford  an  evalu 
ation  of  the  radius  of  the  diffusing  particle  rgi  by  means  of  the 
equation  /8/ 


k  T 


(6) 


In  it,  n  =  4  when  the  r  of  the  solvent  atoms  is  large  and  r^  ^ 
rgi,  and  n  =  at  r^  <  r^^, 


If  r  =  r^..  , 

p  Si  ’ 


then 


k  T 


(7) 


The  dimensions  of  the  diffusing  particle  calculated  from  the  for¬ 
mulas  (6)  and  (7)  are  obtained  as  eaual  to  >-.9  A’T  at  n  =  4,  0.6  AU 
at  n  =  6,  and  5*9  AU  at  rp  =  r^-^  =  1.2  AU.  The  best  asrreement 
occurs  for  the  case  when  rp  ^  1*3^.  Then  the  radius  of  the  diffus 
ing  particle  calculated  by  equation  (6)  is  close  to  that  for  the 
ion  Si^'*'.  In  other  words,  silicon  diffuses  orobably  in  the  form 
of  an  ion,  but  not  as  the  atom,  Tha  data  on  cooper  viscosity 
is  taken  from  the  study  /9/» 

In  conclusion,  let  us  note  thfit  the  use  of  the  chronopoten- 
tiometric  method  for  determination  of  the  coe'ficient  of  diffusion 
of  an  element  dissolved  in  liquid  metal  is  possible  only  within  a 
definite  interval  of  its  concentrations.  The  lower  limit  is  0.005 
-  0.01%  and  is  due  to  the  difficulties  related  in  determination  of 
the  true  concentration,  and  also  with  its  commensurabili ty  with 
the  concentration  for  impurities  present  in  the  metal.  The  upper 
limit  can  be  taken  as  0.2  -  0.5%  It  is  related  to  the  need  to 
use  high  current  densities.  This  often  leads  to  distortion  of  the 
initial  section  of  the  polarization  curve  on  which  appear  "peadcs" 
"surges”  caused  by  changes  in  electrode  surface  with  time  and  its 
local  overheating. 


Conclusions . 

1.  The  commutator  method  at  1200-1500°  for  various  cell 
constructions  was  used  to  establish  that  the  anodic  transition  of 
silicon  from  copper  to  slag  under  the  conditions  studied  is  in¬ 
hibited  by  its  delayed  diffusion  in  the  metal. 

2,  It  is  shown  that  the  anodic  dissolution  of  silicon  occurs 
chiefly  in  the  form  of  the  bivalent  ion. 
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3.  The  coefficients  of  diffusion  and  the  energy  of  activa¬ 
tion  are  estimated  for  silicon  in  molten  copper. 

4,  The  limits  of  concentration  of  an  element  are  found 
which  are  advisable  to  be  used  for  the  chronopotentioi-etric 
method  of  determi.ning  diffusion  coefficients  in  liquid  metals, 
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EFFriCr  OF  Or  rtOASTlNO  OF  COPPER-ZINC 

CONCiMi aPaTES  on  i'HE  ^-cESULTS  OF  Srt£.Li J.N3  OF'  CINDERS 

V.I.  Snirnov,  A. P.  Doroshkevich  ano  Vu.A.  Y^blonskiy 


(Ural  Poly techni cal  Institute,  Chair  of 
Metallurgy  of  Heavy  Non-Ferrous  Metals.) 


The  sulfiie  ores  of  Ural  copper  deposits  are  characterized 
by  the  presence  of  zinc,  the  content  of  which  in  many  cases  ex¬ 
ceeds  the  copper  content.  Due  to  mutual  thin  ingrowths  in  the 
ores  of  copper  and  zinc  sulfides,  when  these  ores  are  subjected 
to  selective  flotation  copper  concentrates  are  obtained  with  a 
significant  zinc  content.  Smelting  of  such  concentrates  in  re¬ 
verberatory  furnaces  encounters  great  difficulties. 

A  method  of  preliminary  roasting  of  copper-zinc  concen¬ 
trates  introduced  at  one  of  the  plants  affords  much  improvement  in 
tne  smelting  results  and  increases  the  coefficient  of  complex 
utilization  of  the  actuail  coraoosition  of  the  concentrates.  Ac¬ 
cordingly,  it  appears  advisable  to  establish  the  rational  extent 
of  charge  roasting  which  would  assure  the  highest  recovery  of 
copper  in  the  matte  and  of  zinc  in  the  slag. 

Investigations  were  conducted  with  copper  concentrates, 
whose  composition  is  shown  in  Table  1.  Copper  in  the  sulfide  con¬ 
centrations  is  found  mainly  as  chalcopyrite ,  zinc — as  sphalerite, 
residual  iron — as  pyrite;  in  the  Altyn-Topk- nskiy  concentrate 
copper  is  present  in  the  form  of  chrysocolla. 

The  sulfide  concentrations  presented  in  Table  1  underwent 
granulation  in  a  cup  granulator  and  then  the  granules  obtained, 
of  the  fractions  -  1,6  +  0.63  mm,  after  natural  drying  were 
roasted  in  the  laboratory  furnace  on  a  fluidized  bed.  As  the 
result  of  the  roasting  of  granules  cinders  were  obtained  with 
various  sulfur  contents  ITable  2). 
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Chemical  Composition  uf  Concentrates 


rpAUT  I? 


A. 


(a)  Himmchomhhc 

KOHUeHTpSTOa 


CpeiHcypa^bCKHft  . 
EypH6aeBCKHA 

nUtilUHilCKHii  .  . 
AarwH-TonKaiiCKHft 

rpaiiyau  Ha  cmcch 

TpatOB . 


Koimcii- 


Cu 

(b 

Zn 

) 

Fe 

CoAcr 

s. 

KaHHe. 

SIO, 

% 

CaO 

MgO 

Al,0 

11.2 

12.2 

13.0 

2.2 

28.7 

33.6 

38.2 

39.9 

2.8  J 
4.7  ( 

0.4 

A  lie  o6- 
■{lapy*. 

0,.3 

0.3 

1.3 

0.6 

24.1 

Q.C.** 

29..‘i 

33.4 

3.8 

4.6 

0.7 

0,8 

16.4 

0.2 

11.9 

0.8 

40.7 

0,4 

1 ,3 

13,2 

6.0 

1  96.6 

33,0 

8.6 

0.6 

— 

— 

LIXjENDi  a)  Concentrate}  b)  Content;  c)  Central  Ural;  d)  Buribayevskiy; 
e)  Pyshminskiy ;  f)  Altyn-Topkanskiy;  g)  Granules  of  a  concentrate  mix¬ 
ture;  h)  Not  detected.  _  ...  j  mA-oTr.  o 

Chemical  Composition  of  Cinders  TABLE  2 


(gi)  OrapKit 

(b)  CojcpAaiiiic,  % 

Cu 

Zn 

^06114 

LUX 

s. 

(d)  MacftCAiieypa-^bCKoro  KOiiuciiTpaTa  1 

3 

14.0 

14.3 

16.1 

1  14.0 

14.4 
13.8 

2.3 

2.4  J 
2.6 

13.4 

12.4 
10,1 

12.6 

11.7 

8.5 

11.6 

7.8 

8.2 

(e)  Ma  6ypii6ac8CKoro  KOiiueiiTpaTa  4 

5 

6 

1.6.4 

16.2 

16.7 

14.1 

9.5 

8,9 

1 

(  f  )  Ha  nuuiHKiicKoro  KoimctiTpara  7 

«» 

9 

26,0 

71,1 

77J3 

0,05 

0.06 

0.06 

17.6  1 
13,9 

13.6 

15.8 

12.0 

n.'> 

LEGEND;  a)  Cinders;  b)  Content;  c)  d)  From  Central  Ural 

concentrate;  a)  From  Buribeyevskiy  concentrate;  f)  Prom  Pyshmin 
skiy  concentrate. 


TABLE  5 

Elementary  Composition  of  Cinders 


(a)" 

Ora- 

pOK 

Cb)' 

CoacpMcaiiiic. 

% 

1 

c. 

Zn 

Fc 

s. 

SiO, 

1 

CaO 

1 

15.3 

7.8 

30.1 

i2.0 

10..6 

10,0 

0.4 

2 

14,9 

8.1 

29.0 

16.0 

14.4 

9.6 

0,.6 

3 

14.3 

741 

28.1 

20.0 

18.6 

9.7 

0,6 

LEGEND;  a)  Cinder;  b)  Content,  c)  S^ot 


94 


The  cinders  obtained  uere  charged  with  fluxes  (quartz  and 
limestone)  and  converter  slag  and  underwent  smelting  in  corundum 
crucibles  in  a  Kryptol  furnace  at  1350*^.  Tue  fusion  and  residence 
of  the  melt  in  the  furnace  after  this  temperature  was  continued 
for  30“35  minutes.  The  purpose  of  the  smeltings  of  the  roasted 
concentrates  in  a  given  series  of  experiments  was  an  orientational 
study  of  the  influence  that  the  extent  of  roasting  of  sulfide 
materials  have  on  the  distribution  of  the  main  metal6--cooper  and 
zinc--oetween  slag  and  matte. 

The  orientational  smeltings  'conducted  revealed  that  the 
smelting  of  fluxed  cinders  with  low  sulfur  content  (8.3  -  10,^%  or 
6  -  total  sulfur  in  the  charge)  res’>lts  in  rich  matte  being 
produced  (from  65  to  795^  Cu).  As  a  result,  slag  is  produced  with 
a  high  copper  content.  The  deficiency  of  sulfur  in  the  cinders 
not  only  results  in  rich  matte,  but  also  the  formation  of  metallic 
copper  in  the  bulk  of  the  matte.  Direct  extraction  of  the  copper 
in  the  matte  in  the  smelting  of  such  cinders  amounts  to  84  -  8??^, 
in  the  best  instance — 92%,  and  the  loss  of  copper  with  the  slag 
is  G%,  and  in  some  cases  as  much  as  W%  of  the  total  copper  con¬ 
tent  in  the  cinders. 

Smelting  of  cinders  with  a  higher  sulfur  content  affords 
production  of  matte  containing  40  -  33%>  Cu,  in  addition,  the  direct 
extraction  of  copper  in  the  matte  is  increased  to  97^.  Smelting 
permits  the  concentration  in  the  slag  of  80  -  93%  of  the  Zn  origi¬ 
nally  in  the  cinders.  Thus,  preliminary  smelting  of  cinders  showed 
the  need  for  less  extensive  roasting  of  copper  concentrates  in 
order  to  obtain  cinders  containing  more  than  13^  sulfur. 

Since  concentrates  differing  in  composition  are  received  at 
copper-smelting  olauits,  subsequently  work  was  conducted  with  a  mix¬ 
ture  of  concentrates,  consisting  of  S0%  Ural -average ,  10%  Altyn- 
topkanskiy,  15%  Buribayuvskiy ,  and  13%  Rushminskiy  concentrates 
with  2%  bentonite  to  the  mixture  to  improve  roiling  and  to  achieve 
durable  granules.  The  composition  of  the  granules  produced  from 
this  mixture  is  shown  in  Table  1. 

The  granules  produced  from  the  mixture  of  concentrates  were 
roasted  in  a  fluidized  bed  furnace  and  cinders  of  three  types  were 
obtained  (Table  3)-  The  cinders  were  studied  as  to  the  form  in 
which  copper,  zinc,  end  iron  (Table  4)  appeared  in  them. 

As  can  be  seen,  in  the  roasting  of  granules  at  temperatures 
of  the  order  of  720  -  780°  significant  oxidation  of  sulfide  miner¬ 
als  occurs.  Up  to  39  -  48%  Cu  of  its  total  content  in  the  cinders 
enters  the  oxidized  form,  including  12  -  l8%  present  in  the  ferrite 
form,  21  -  26%  as  the  free  oxide,  and  3  -  4.5%  in  the  sulfate 
form. 

For  zinc  at  the  temperatures  indicated  a  higher  extent  of 
sulfate-  and  ferrite  formation  is  characteristic  than  for  copper: 

20  -  21,5%  of  the  total  zinc  content  is  present  in  the  sulfate  and 
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25  -  ^2%  in  the  ferrite  forms;  6  -  7%  is  present  ns  the  free 
oxide.  table  4 

Foitts  of  Compounds  of  Copper,  Zinc,  and  Iron  in  Cinders 


(a) 

Ora- 

poK 

%  I 

(b)  ' 

ue.'iH  or  odmcro  co.ncpAa-  | 
HID)  B  orapKe  b  (})op'ic 

j  %  uiiiiK-a  or  o6ut(‘''o  cojcpwa- 
1^  ^  ^  HHQ  B  orapkc  B  ({lOpMC 

id) 

w  )*cc,ic3a 
(OT  oOuicro 
co.iep>KairHR) 
II  Hii.tc  Mar- 
IICTHTa 

cpb- 

df 

OXMC- 

aeii- 

nail 

U) 

cy.ib- 

4mj- 

d 

4>cp- 

pilT- 

ii.1 

o 

Kg? 

! 

cy.li*- 

4>aT- 

r,“) 

1 

OKHC- 

.ICH- 

nv 

cy.ib- 

cii.rii- 

Kar- 

IIOH 

'f  j) 

(})CP- 

pMT- 

HUM 

ihl 

I 

2.8 

26.2 

51.1 

18.9 

I.o 

20.3 

6.9 

1 « 1 

0.8 

31. .5 

51.2 

2 

4.6 

21.3 

60.5 

13.0 

0.6 

20.4 

6.2 

4S.7  . 

i  45 

23.2 

40.1 

3 

3.9 

23.5 

61.6 

11.4 

0.6 

21.4 

3.9 

1  1 

1 

25.0 

33.9 

LEGEND:  a)  Cinder;  b)  ^  copper  of  total  content  in  cinder  in 
form  listed;  c)  zinc  of  total  content  in  cinder  in  form 
listed;  d)  ^  of  iron  (of  total  content)  as  the  magnetite ;e) 
Sulphate;  f)  Oxide;  g)  Sulfide;  h)  Ferrite;  i)  Besidual3^  S< 

A  significant  aoount  of  iron  in  the  cinders  (34  -  is  in  the 

magnetite  form. 

The  cinders  produced  undergo  smelting  in  order  to  study  the 
effect  of  the  roasting  on  the  distribution  of  copper  and  zinc, 
between  the  matte  and  the  slag.  The  comoosition  of  the  slag  from 
which  the  smelting  was  calculted,  and  the  composition  of  the  quartz, 
limestone,  and  converter  slag  used  here  are  shown  in  Table  5» 

The  lesults  of  smelting  of  slags  of  the  first  tyne  are  shown 
in  Table  6,  and  for  slags  of  the  second  type  --  in  Table  7. 

The  results  of  laboratory  experiments  on  smelting  of  roasted 
material  allows  us  to  recommend  to  a  cooper-smelting  plant  switch¬ 
ing  over  to  the  smelting  of  ore-roasted  concentrates  on  fluidized 
beds  the  most  profitable  sulfur  content  in  the  cinders,  which 
would  yield  the  most  advantageous  distribution  of  zinc  between 
these  smelting  oroducts  and  the  maximum  extraction  of  copoer  in  the 
matte . 

Even  in  previous  studies  /I, 2/  it  was  established  that  the 
distribution  of  zinc  in  smelting  of  cinders  deoends  on  the  extent 
of  preliminary  roasting  of  the  material.  Comparison  of  the  results 
of  smelting  of  cinders  with  sulfur  content  at  12,  l6  and  20%  (cor¬ 
responding  to  9»5%i  ■^3*5^  and  17.5^  ^tot  the  charge)  leads  to 
the  conclusion  that  the  most  advantageous  cinder  has  a  sulfur  con¬ 
tent  close  to  l6%.  In  smelting  this  cinder  fully  sati-^factory 
slagging  of  zinc  (bO  -  j4%  of  its  content  in  the  charge)  is  ob¬ 
served,  a  slag  fully  satisfactory  in  copoer  content  is  achieved, 
and  the  extraction  of  copper  in  the  matte  amounts  to  94  -  95^-» 

The  matte  in  these  series  of  smeltings  was  held  at  38  -  42%  Cu, 
which  corresponds  to  an  average  composition  of  the  matte  at  many 
copper-smelting  plants. 
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TABLE  5 

Chemical  Composition  (in  9^)  of  Estimated  Slags,  Fluxes,  and 


(a) 

(b) 

V  c) 

(dj 
( e) 


LEGEND:  Remark:  Converter  slag  contains  2%  Cu  and  7^  Zn. 
a)  Slag  1;  b)  Slag  2}  c)  Quartz;  d)  Limestone;  Converter 
slag 


_ Cozmtrter  Slag.. 


FeO 

SIO., 

CaO 

UJjiaK  1 . 

40.0 

35,0 

2  M  5 

UJaaK  2  .  .  . 

41.0 

32.0 

2  H  5 

Kwpu  .  •  .... 

— 

99,9 

— 

MaaccTiiBK  .... 

0.4 

8.0 

49.9 

KoilBcpiCpilMri  lll.iaK 

06.2 

23,8 

0.8 

In  smelting  cinders  vd.th  total  sulfur  content  close  to  12^^ 
slags  were  produced  with  high  copper  content  (0,9^  ~  1^),  the  ex- 
‘■raction  of  which  in  the  matte  was  reduced  to  90  -  92?^.  Although 
here  the  extraction  of  •j:inc  in  the  slag  increased  to  90  -  95‘5^, 
but  obviously  this  incre.'se  does  not  represent  a  great  advantage 
compared  to  the  decrease  in  the  copper  recovery  in  the  matte. 
Smelting  of  cinders  with  a  209^  sulfur  content  reveals  a 
significant  decrease  in  the  slagging  of  zinc  and  a  noticeable  im¬ 
poverishment  in  the  copper  content  of  the  matte  oroduced.  Addi¬ 
tionally,  when  cinders  with  the  sulfur  content  shown  are  produced 
less  sulfur  is  available  for  sulfuric  acid  production. 

To  avoid  difficulties  in  fuming  of  slags,  smelting  of 
roasted  zinc  charge  must  be  carried  out  with  sufficiently  basic 
slags  having  a  content  of  not  less  than  33  -35^  SiOp  and  a  limited 
CaO  content.  Experiments  show  that  increasing  the  &a0  content  in 
slags  more  than  4-5%  does  not  oroduce  a  substantial  reduction 
in  the  cooper  loss  in  slags,  while  decreasing  the  CaC  content  down 
to  1  -  2%  results  in  some  increased  copper  content. 

When  we  take  literature  data  into  account,  in  oarticular 
/2/,  and  the  results  of  exoerimental  smeltings,  we  conclude  that 
in  smelting  roasted  zinc  charge  the  optimal  level  slag  must  con¬ 
tain  32  -  35%  SiO  ,  4-5%  CaO,  9-5  -  10.5%  ZnO,  40  -  45%  (FoO  + 
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^ABLE  6 

Results  of  Smelting  of  the  First  Type  of  Slag 


ina 


Cocra*  utaaKa,  % 


Cu  Zn  FeO 


_  Cd) 


PacnpeaeacHMc.  % 


UHHKa  B  (f) 


.6  5.5 

.2  7.6 


24.0  {  7.5  23.5  0.78  6,1  j  44.4  |  34.4 


69.4 
90.2 

94.4 

93.5 
96.4 

2.1  I  95.5 


4.0  40.4  46,2 


Cinder;  b)  Matte  composition;  c)  Slag  composition;  d) 
Distribution;  e)  Copper  in;  f)  Zinc  in;  g)  Matte;  h)  Slag 

TABLE  7 

Resists  of  Smelting  of  the  Second  l^e  of  Slag 
- - Lfez _  ■ _ 

^a)  Coctaa  iuTeftH.1.  ♦»  ( c )  Coctae  uuaK.i.  % 
pot  Cu  I  Zn  S  Cu  2n  I  F 


uHHKa  a  (f  } 


THE  OH  Y  OF  TKHEE- LAYER  COl^riHUOUS  CONVERSION 
OF  COPPER  MATTES 


Yu.  Soletsi,  Yu.  Shmidl  and  F.  Segnalek 

(Chair  of  Non-Ferrous  Metallurgy  of  the  Vyssheye 
tekhnicheskoye  uchebnoye  zaveJeniye  /Hiprher 
Technical  School/,  city  of  Koshitse, 
Czechoslovak  Socialist  Renublic. ) 


In  the  second  half  of  the  19th  century  copner  began  to  be 
produced  from  copper  matte  by  blowing  compressed  air  through  a 
layer  of  the  molten  matte.  From  analogy  with  the  process  of  purg¬ 
ing  pig  iron  this  process  was  called  conversion  or  the  Bessemer 
process,  from  the  name  cf  the  English  metallurgist  Bessemer,  al¬ 
though  he  did  not  deal  with  the  purging  of  copper  mattes.  The 
predecessor  to  the  conversion  process  is  the  Mabuki  process,  under 
which  even  in  the  l6th  century  purging  of  molten  matte  /!/  was 
already  being  applied  in  Japan. 

The  first  initiator  of  the  method  of  purging  copper  matte, 
similar  to  the  Bessemer  process  for  pig  iron,  were  the  Russiaui 
engineers  V.  A.  Semennikov,  N,  A,  lossa,  and  A.  A.  Auerbakh  in 
I966-IS8O  /)/.  Conversion  in  Egil  was  carried  out  by  I.  Holloway 
and  F.  P,  Mann  in  1880  /4/.  In  the  U.S.  conversion  was  used  at 
the  Parro  metallurgical  plant  in  l884  from  whence  it  took  the  naume 
of  Parro  conversion. 

Over  the  past  century  the  essential  changes  were  not  in¬ 
troduced  into  converter  design.  The  discontinuity  of  the  process 
causes  substantial  stoppages  in  performance,  resulting  in  signifi¬ 
cant  heat  losses.  Fluctuations  in  the  temperature  of  the  lining 
reduces  its  service,  which  means  additional  idle  time  during  re¬ 
pair  of  linings.  The  hermetic  sealing  of  the  converter  top  has 
not  been  resolved,  which  hinders  the  use  of  heat  and  sulfur  dioxide 
from  the  outgoing  gases.  The  converter  slag,  due  to  its  high  con¬ 
tent  of  useful  metals,  represents  reversible  material.  The  maiin 
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ehoi'tcomlng  of  the  existing  converters  is  the  imperfect  system  of 
blast  fe*<)t  limiting  productivity,  and  resulting  in  premature  wear 
of  the'  lining  near  the  tuyeres  and,  furthermore,  requiring  much 
laborious  physical  work  in  cleaning  the  tuyeres,  although  in  recent 
years  experiments  have  been  successfully  made  on  mechanizing  tuyere 
cleaning. 

One  of  the  ways  of  intensifying  conversion  is  the  use  of 
oxygen-enriched  air.  However,  under  the  presently  existing  design, 
the  converter,  even  when  oxygen-enriched  air  is  use- ,  would  be  un¬ 
suitable  even  for  partial  automatization.  Therefore,  for  conver¬ 
sion  it  is  necessary  to  build  a  new  installation  which  would  afford 
the  possibility  of  carrying  out  a  continuous  process. 

In  our  own  research  into  an  installation  for  continuous 
conversion  we  relied  in  part  on  the  results  of  the  investigations 
by  I).  A.  Dioraidovskiy  /5i6/,  who  suggested  that  the  process  be 
carried  out  in  two  separate  installations  for  the  first  and  second 
periods.  He  undertook  experimental  studies  in  the  installation 
described  in  the  article  /5/»  tising  the  technology  that  was  the 
same  for  converters  of  existing  design. 

However,  in  addition  to  a  new  installation,  to  achieve  con¬ 
tinuous  conversion  it  is  necessaury  to  create  a  new  technology  of 
the  continuous  production  of  converter  copper  in  a  single  installa¬ 
tion,  The  purpose  of  this  article  is  to  consider  prerequisites  for 
the  continuous  conversion  of  copper  matte  aimed  at  the  production 
of  crude  copper  in  a  single  installation. 

Thermodynamic  analysis  of  the  conversion  of  copper  matte. 
Before  beginning  the  analysis  of  the  possbility  of  continuous  con¬ 
version  of  copper  matte,  we  present  a  survey  of  the  theory  of  the 
existing  process. 

It  is  possible  to  assume  the  course  of  a  whole  series  of  re¬ 
actions  between  oxygen,  copper  matte,  flux,  and  their  reaction 
products.  Thermodynamic  calculations  of  the  reactions  of  copper 
matte  conversion  are  given  in  article  /?/  and  here  we  only  summar¬ 
ize  their  results. 

The  most  negative  free  enthalpy  values  are  found  for  reac¬ 
tions  of  the  first  period,  in  particular  the  reactions 


FeS  +  •=  FeO+SOa;  (X ) 

3FeS+502= FejO^+SSOa;  ( 2 ) 

2FeS +30, + SiO,  -  2Fe0Si02  +  2S0,.  ( 3 ) 


Reaction  (l)  is  part  of  reaction  (3),  t.ierefore  in  what 
follows  we  will  look  only  at  reactions  (2]  and  (3).  The  values  of 
the  free  enthalpies  of  these  reactions  are  the  most  negative. 
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Temperature  affects  their  order.  For  instance,  in  spite  of  the 
presence  of  silica  at  1150°,  the  formation  of  magnetite  occurs 
predominantly.  With  increase  in  temperature  the  formation  of 
magnetite  is  reduced  and  above  1450°  it  is  theoretically  precluded, 
since  the  vadue  of  the  free  enthalpy  of  reaction  (3)  at  any  con¬ 
centrations  of  FeS  in  the  bath  will  be  significantly  more  negative. 
The  theoretical  yield  obtained  wholly  corresponds  to  practical  ex¬ 
periments.  Prevention  of  magnetite  appearing  at  low  temperatures 
by  addition  of  silica  is  impossible,  since  at  these  temperatures 
silica  does  not  react  rapidly  enough  with  the  ferrous  oxide  appear¬ 
ing  on  the  fayalite. 

In  practical  terms,  copper  mattes  almost  always  contain 
magnetite  and  in  conversion  its  further  appearance  is  possible, 
therefore  it  is  necessary  to  explain  that  it  occurs  with  the  mattes 
during  conversion.  It  is  obvious  that  it  is  either  reduced  by 
some  one  of  the  compounds  presents  to  ferrous  oxide,  or  enters  the 
slag. 

Based  on  analysis  of  the  modes  of  magnetite  reacting  with 
sulfide  it  is  possible  to  co.-sider  only  the  overall  reaction 

Fe304+FeS+5Si0.=^5(2Fc0Si0,)  +SO,.  (Z+) 


The  negative  value  of  free  enthalpy  of  reaction  (4)  with  increase 
in  temperature  is  increased. 

The  value  of  the  free  enthalpy  of  the  reaction  of  magnetite 
with  CU2S  is  positive,  therefore  this  reaction  does  not  tedce  place. 
The  formation  of  metallic ircn  from  the  reaction 

2Fc0+FeS=3Fe+S02  (5) 

at  conversion  temperatures  also  is  impossible.  Other  reactions  be¬ 
tween  the  sulfide  and  the  oxide  at  conversion  temperatures  do  not 
take  place. 

Let  us  now  consider  the  reaction  between  cuprous  sulfide, 
ferric  sulfide,  oxygen,  and  their  products.  These  reactions  are 
as  follows: 
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CujS+l.SOj^CujO+SO?;  (6) 

Cu20+FeS=Cu2S+Fe0;  (7) 

2Cu20+2FeS+Si02=2Cu2S  +2FeaSi02;  ,8) 

2Cu20+Cu2S  =  6Cu+S02.  (9) 


The  value  of  free  enthalpy  of  reaction  (6)  at  conversion 
temperatures  is  sufficiently  negative  to  theoretically  prove  the 
possibility  of  this  reaction  occurring  in  the  first  period.  The 
possibility  of  its  occurrence  is  greater  the  lower  the  FeS  concen¬ 
tration. 

The  CujO  formed  can  react  either  with  FeS  by  reactions  (7) 
and  (8),  or  with  Cu-S  by  reaction  (9).  The  value  of  free  enthal¬ 
pies  of  reactions  (7)  and  (8)  is  more  negative  than  the  value  of 
the  free  enthalpy  of  reaction  (9)»  therefore  at  appreciable  FeS 
concentrations  its  oxidation  occurs  chiefly. 

During  purging  of  copper  matte  two  periods  are  distinguished 
In  the  first  period  oxidation  of  FeS  to  FeO  and  Fe^O  takes  place, 
and  the  slag  formation  of  the  FeO  forming  occurs  simultaneously. 

In  the  second  period  the  oxidation  of  CU2S  occurs  by  the  reaction 

Cu2S+02=2Cu+S02,  (10) 


which  is  the  composite  of  reactions  (6)  and  (9). 

Theoretical  possibilities  of  the  continuous  conversion  of 
copper  matte.  Careful  thermodynamic  analysis  of  the  order  of  the 
reacti ons  occurring  under  the  existing  methods  of  copper  matte  con¬ 
version  and  a  study  of  the  changes  in  their  free  enthalpy  values 
as  a  function  of  temperature  and  concentration  affords  the  possibil 
ity  of  finding  the  thermodynamic  prerequisites  on  which  to  develop 
a  technology  for  continuous  conversion  of  copper  mattes  to  produce 
crude  copper  in  a  single  installation.  The  main  problem  is  to 
establish  conditions  for  the  simultaneous  occurrence  of  reactions 
in  the  first  and  second  periods. 

It  follows  from  the  foregoing  that  without  lowering  th.?- 
ferric  sulfide  concentration  in  the  copper  matte  to  a  low  level, 
it  is  impossible  to  expect  metallic  copper  to  be  formed.  The 
problem  consists  in  establishing  such  conditions  so  that  simultane¬ 
ously  with  the  reactions  (l),  (2)  and  (3)  the  reaction  (6)  occurs, 
and  such  a  quantity  of  Cu^O  is  formed  which  would  not  wholly  react 
according  to  equations  (7)  and  (8),  but  react  partially  also  ac¬ 
cording  to  reaction  (9)» 
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Change  in  the  values  of  th«  free  enthalpies  of  the  reactions 
(l),  (2),  and  (3)  depending  on  the  concentration  of  FeS  and  CU2S 
is  shown  in  Fig.  1  /8/.  With  decrease  in  concentration  of  FeS  the 
values  of  the  free  enthalpies  of  these  reactions  are  reduced. 
Simultaneously,  during  the  first  period  the  concentration  of  Cu^S 
is  increased,  therefore  it  is  possible  to  obtain  such  a  state  oT 
the  system  in  which  the  free  entheilpies  of  the  reactions  will  be¬ 
come  identical.  This  state,  corresponding  to  the  content  of  0»002% 
FeS  (-Ig  Cjrg<5  =  4,38),  shown  in  Fig.  1  (.1  a). 


Figure  1.  Value  of  the  AHj  as  a  function  of  the  concen¬ 
tration  of  FeS  at  1250*.  LEGEND:  a)  KCal. 


From  the  viewpoint  of  thermodynamics  continuous  conversion 
of  copper  matte  with  the  production  of  crude  copper  in  a  single 
installation  can  be  carried  out  in  the  following  way.  In  the  bath 
of  white  matte  copper  matte  is  obtained  and  such  a  quantity  of  air 
which  is  capable  of  simultaneously  oxidizing  the  ferrous  sulfide 
supplied  with  its  transition  into  slag,  and  cuprous  sulfide  with 
the  production  of  converter  copper.  Here  three  components  are 
present  simultaneously  in  the  bath:  converter  slag,  matte  and 
converter  copper.  To  substantiate  the  possibility  of  continuous 
conversion  it  is  necessary  to  investigate  whether  these  three 
compounds  can  possibly  be  simultaneously  present  from  the  view¬ 
point  of  their  specific  gravity  mutual  solubility. 

The  specific  gravity  depends  on  temperature.  In  order  to 
verify  the  possibility  of  the  stratification  of  the  3  components, 
we  present  the  specific  gravities  for  the  solid  (20°)  and  molten 
(1200°)  states  for  several  dags  and  mattes. 

The  specific  gravities  of  the  converter  slags  are  as  fol¬ 
lows  /9/ 
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At  2C“  4.10 
At  1200*  3.62 


4,04  4,02  3,91  '3.  ,’2 

3^7  3,55  3,41  3,22. 


Tlie  specific  gravitaes  of  copper  mattes  as  a  function  of  copper 
content  are  as  follows  /9/j 

corper  content  %  specific  gravity/cm^ 

at  20°  at  1200° 


30 

4,96 

4.13 

40 

4.99 

4,28 

SO 

5,05 

4,44 

70 

5,46 

4.93 

80 

5.77 

5.22 

In  this  case  the  fact  that  for  white  matte  the  highest 
specific  weight  is  achieved  (Fig.  2)  is  favorable,  v;hich  results 
in  its  improved  separation  from  converter  slag. 

The  specific  gravity  of  converter  copper  (98.3%  Cu )  /9/ 
represents  at  20°  8.6l  g/cm^,  at  1200°  —  7. '’8  g/cm^. 

The  literature  presents  various  opinions  on  the  solubility 
of  CU2S  cind  FeS  in  slag.  Based  on  latest  information  it  can  be 
assumed  that  the  solubility  is  limited  to  such  an  extent  that  from 
the  viewpoint  of  practice  one  can  disregard  it.  In  the  FeS  -  CU2S 
system  when  molten  unlimited  mutual  solubility  exists.  Limited 
solubility  is  known  to  exist  in  the  Cu  -  CU2S  system.  In  the  con¬ 
tinuous  conversion  an  independent  layer  of  converter  cooper  will 
begin  to  appear  only  after  the  sulfur  content  in  the  white  matte 
is  reduced  to  17.9%f  and  in  addition,  the  sulfur  content  in  con¬ 
verter  copper  will  amount  to  1.8%  S,  It  is  true  that  in  the  lit¬ 
erature  it  is  mentioned  /lO/  that  the  Cu  -  CU2S  diagram  is  not 
accurate  and  that  the  solubility  of  cuprous  sulfide  is  less. 

Based  on  verification  of  these  specific  gravities  in  the 
molten  state  and  mutual  solubilities,  it  can  be  concluded  that  the 
converter  slag,  the  matte  and  converter  copper  will  form  three 
layers,  will  separate  from  each  other. 

As  has  already  been  indicated,  producing  converter  copper 
occurs  at  a  very  insubstantial  (of  the  order  of  0.001%)  FeS  content. 
Hence,  to  realize  continuous  conversion  of  copper  matte  in  a  single 
installation  it  is  necessary  to  undertaike  conversion  in  a  white 
matte  environment. 

As  the  air  sweeps  through  the  level  of  the  melt  it  encoun¬ 
ters  a  relatively  small  amount  of  melt,  which  is  the  basis  for 
the  mechanism-  of  continuous  conversion. 


104  - 


Figure  2. 
ical  line; 
LEGEND I  a) 


Specific  gravities  of  copper  mattes:  1  —  theoret- 
2  —  for  the  solid  state {  3  —  for  the  liqidd  state. 
Specific  weight,  g/cm^ 


Reaction  (6),  oxidation  of  CupS  with  the  formation  of  me¬ 
tallic  copper  (9)  is  the  chief  reaction.  The  reaction  of  dire.  - 
oxidation  of  ferrc'>a  sulfide  with  air  oxygen  is  of  low  nrobability, 
since  the  possibility  of  these  two  coranounds  contacting  is  insvb- 
stantiil;  therefore,  the  chief  oxidizer  of  FeS  is  Cu^O  according 
to  reaction  (7). 

Part  of  the  metallic  cooper  formed,  encountering  Fe'-i,  can 
react  with  it  according  to  the  equation 


2Cu+FeS=Cu2S+Fe,  (11) 


and  metallic  iron  will  be  oxidized  by  cuprous  oxide 


Fe+Cu20=2Cu+Fe0.  (12) 

The.FeO  forming  reacts  with  the  present  Si02  forming  fayalite. 
Direct  oxidation  of  metallic  iron  and  copper  by  atmosoheric  oxy'^en, 
as  true  also  for  the  oxidation  of  FeS,  is  doubtful. 

Taking  the  law  of  effective  masses  into  account,  one  should 
expect  that  the  layer  of  metallic  copper  appears  at  a  significantly 
higher  FeS  content  in  the  matte  than  would  be  assumed  based  on  the 
values  of  the  free  enthalpies  of  the  reactions  occurring  during 
conversion. 

Based  on  analysis  of  theoretical  assumptions  of  continuous 
conversion  of  copper  matte  in  the  production  of  converter  copper 
in  a  single  installation  the  following  technology  can  be  presented 
/il/. 

Initially,  it  is  nece.ssary  to  prepare  the  bath  to  consist 
of  three  layers:  an  upper  thin  layer  of  converter  slag,  a  central 
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thickest  layer  of  white  matte,  and  a  lower,  alec  thin  layer  of  con¬ 
verter  copper.  Preparation  is  achieved  by  charging  in  the  continu¬ 
ous  converter  copper  matte  and  purging  air  through  it  to  the  par¬ 
tial  production  of  crude  copper  according  to  the  formula  conver-ir 
aion  technology.  After  such  dispersion  continuous  conversion  com¬ 
mences,  consisting  of  the  steady  addition  to  the  bath  of  the  origi- 
naO.  copper  matte.  The  amount  of  copper  matte  and  flux  added  should 
be  in  agreement  with  the  amount  of  air  blown  through,  which  should 
be  sufficient  not  only  to  oxidize  the  entering  ferrous  sulfide  and 
to  convert  it  into  slag,  but  also  to  oxidize  the  resulting  cuprous 
sulfide.  With  constant  maintenance  of  the  thickness  of  the  sepa¬ 
rate  layers  continuous  overflowing  of  the  amounts  of  converter  slag 
and  converter  copper  formed  take  place. 

Conclusions. 

The  method  of  conversion  of  copper  matte  used  thus  far  has 
serious  deficiencies,  especisJLly  in  that  it  is  unsuitable  for  auto¬ 
mation.  To  determine  the  possibility  of  eliminating  these  short¬ 
ages  a  description  has  been  given  in  the  article  of  the  theoretical 
analysis  of  prerequisites  for  the  use  of  continuous  conversion  of 
copper  mattes  in  the  production  of  converter  copper  in  a  single 
installation  and  the  technology  of  such  a  process  has  been  suggested, 
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ELECTfiODEFOSITION  Of  SILVEfi  FROM  MOLTEN  NITRATES 


P.  V.  PoljakoT 

(L««lBgrad  PolytechBlcal  Institute,  Chsir  of 
Elec tropy rone tallurgy  of  Non-Ferrous  Metals.) 


Electrolytic  winning  of  refractory  netals — titaniujs, 
sirconiun,  tantalus,  beryllinn,  and  others — are  gaining  erer 
greater  importance  in  the  national  economy.  Accordingly,  the 
study  of  phenomenon  related  to  the  electrocrystallisation  of 
metals  in  the  electrolysis  of  molten  salts  ii  of  great  practical 
interest.  No  less  important  is  the  theoretical  side  of  the 
question,  dealing  with  the  origin  and  derelopment  of  the  new 
phase  at  the  cathode. 

The  requirement  placed  on  the  deposits  obtained  from  melts 
differ,  but  generally,  they  lead  to  macrocrystalliim  deposits. 

As  is  )uown,  the  size  of  the  crystal  is  determined  by  the  ratio 
of  the  rates  of  formation  of  crystallisation  centers  and  their 
sabsequemt  growth  /!/. 

Silrer  belongs  to  the  group  of  metals  that  are  the  most 
comTenient  for  ineestigatioa  of  the  phenomenon  of  electro- 
crystallization  from  melts.  Aten  with  co-workers  /2/  were  some 
of  the  first  inrestigators  of  deposits  of  silrer  obtained  from 
nitrate,  halogenide,  and  sulfate  melts.  It  was  shown  that  the 
character  of  the  deposits  depends  on  the  prelimimary  heat 
treatment  of  the  silrer  cathode.  These  researchers  established 
the  dissolution  of  the  silrer  along  sections  with  increased 
temperature  and  its  precipitation  on  colder  sections  of  the 
unpolarized  electrode.  The  crystals  of  silrer  formed  in  the 
electrolysis  of  melts  as  a  rule  were  larger  than  those  separated 
from  aqueous  solutions.  The  greatest  polarization  is  obserred 
im  the  separation  of  silrer  from  chloride  and  iodide  melts,  the 
least  —  from  nitrate  melts.  Polarization  increases  with 
decrease  in  concentration  of  the  silrer  ion  and  with  decreasing 
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t«*perature.  Dilution  leads  to  a  fine  cryalall^  depoait  being 
obtained. 

K.  H.  Gorbunoeaya  /3/  also  established  the  dissolution 
of  silTer  in  the  zone  of  increased  tenperature.  Incraasing.the 
concentration  and  temperature  according  to  her  data  leads  to  the 
growth  of  large  crystals  only  in  nitrate  aelte,  but  not  in 
chlorides.  It  was  obsereed  that  frequently  accretion  of  the 
separated  aotal  onto  the  silver  cathode  occurs  and  the  opinion 
was  stated  that  high  temperature,  and  the  ability  of  atoms 
caused  by  it,  facilitates  the  possibility  of  their  access  to 
sections  having  a  minimum  free  energy,  due  to  which  compact 
deposits  cannot  be  obtained. 

T.  Erdey-Gruz  and  R.  ?.  Kardos  /4/  determined  the  optimal 
conditions  for  the  growth  of  a  single  crystal  of  silver,  for 
which  the  best  electrolyte  ia  pare  nitrate,  whereas  a  single 
crystad  cannot  be  grown  from  chlorides.  It  was  established  that 
the  growth  of  crystals  is  accompamied  by  certain  fluctuations 
from  the  regularities  formulated  by  Kossell  and  Stranskiy;  this 
is  accounted  for  by  the  adsorption  of  melt  anions  along  crystad 
edges.  The  function  i  is  linear.  In  some  cases  an 

inflection  is  obaerved  on  the  polarization  curve  corresponding 
to  current  densities  most  favorable  for  crystal  growing, 

S.  Shternberg  and  D.  I,  Markhidetn  /5/  showed  that  in  the 
electrolysis  of  molten  AgCl  chemical  polarization  is  absent.  At 
Djj  ~  0.2  am  p/cm’  they  found  a  polarization  ainimua  on  the 
switching  off  curt^e. 

The  study  /€/  is  concerned  with  the  growth  of  crystals  in 
the  electrocrystallizaticn  of  silver  fro*  molten  chlorides. 

P.  Drossbakh  /?/  points  to  a  high  value  of  the  surface 
energy  of  the  electrode,  influ«?ncing  the  iormation  of  the 
electrolytic  deposit  in  the  precipitation  of  silver  from 
chloride  melts. 

Some  of  the  conditions  determining  whether  compact  silver 
deposits  are  obtained  from  molten  nitrates  are  presented  in  a 
short  report  by  S.  Dbalik,  I.  Lindau,  and  F.  Z.  Sauerwal^V 
Zauerval'd/  /8/.  It  was  established,  in  particular,  that  a 
positive  effect  is  shown  on  production  of  compact  deposits  by 
reduced  temperature,  rotation  of  cathodes,  and  application  of 
pulsating  current,  but  also  with  the  addition  of  salts  having 
low  electroconductivity . 

The  present  study  presents  results  cf  research  on  the 
determination  of  the  number  of  crystaHiue  silver  seeds  as  a 
functioa  of  the  electrolysis  conditions  of  molten  nitrates. 

In  the  experiments  a  test  tube  ef  molybdenite  glass  was 
used,  which  was  placed  in  an  electric  furnace  with  high  thermal 
inertia.  The  temperature  was  measured  tc  an  accuracy  of  one 
degree  by  a  high- temperature  thermometer. 
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9««d  a«  cathodta  ware,  carefullj  buffed  platlnua  end-^  cathodea 
wlift  aa  area  of  7*10"**  c»^  and  0,28  c«i  in  the  fora  of  wire 
aoldered  on  the  aubface  in  tubes  aade  of  a;>Iybdeeua  glaas, 

!Ehe  experiaenta  wer^  conducted  with  a  aoluble  allrer 
a^ode  at  constant  current  intensity  using  a  circuit  not 
fuadasien tally  different  froa  one  used  previously  /9/«  "nie 
constancy  of  current  intensity  with  tiae  was  achieved  by 
including  in  the  circuit  in  series  a  cell  of  large  ohaic 
resistance.  The  electrolyte  was  aade  of  the  re-crystallized 
salts  KKO2  and  MaNO^,  cheaically  pure  grade,  and  analytically 
pure  Ag' 

Before  being  used  the  electrode  wss  washed  in  concentrated 
nitric  ecid,  then  in  boiling  distilled  water,  and  was  thoroughly 
dried*  *She  condition  of  the  electrode  surface  was  controlled 
under  a  microscope  at  a  magnification  of  450. 

elactrode  was  hept  in  the  aelt  for  10  minutes,  and 
them,  after  being  polarized  by  a  current  of  given  intensity,  it 
was  washed  free  of  salts  in  boiling  water  and  its  surface  with 
small  crystals  of  silver  appearing  was  examined  under  microscope. 

Before  a  new  experiment  the  deposit  was  dissolved  in 
concentrated  nitric  acid,  the  electrode  was  washed  amd  dried. 

In  the  study  of  the  influence  of  electrolysis  conditions 
the  micro-cathode  was  xised  in  order  to  have  within  the  field 
of  eight  the  entire  surface  on  which  precipitation  occurred. 

Preliminary  experiments  with  a  large  cathode  showed  that 
the  number  of  crystallization  centers  at  low  concentrations 
depends  in  great  measure  on  the  surface  energy  of  the  faces  of 
separate  crystals  of  platinua  constituting  the  cathode  surface 
(Figure  1).  The  time  required  for  polarization  of  the  electrode 
to  obtain  crystal  seeds  accessible  for  observation  under  the 
microscope  at  a  magnification  of  450  was  usually  30  seconds* 

For  longer  polarizations  the  number  of  crystal  seeds  was  not 
increased,  independent  of  current  density,  temperature,  and 
concentration  of  silver, 

la  the  deterssination  ©f  the  number  of  crystal  seeds  not 
less  than  three  experiments  under  identical  conditions  were 
conducted*  In  moat,  the  results  t*ere  in  agreement.  However, 
certain  cases,  passivity  of  the  electrode  was  found, 
resvitisg  in  a  several-fold  decrease  in  the  number  of  the 
precipitating  crystals.  Used  as  electrolyte  was  a  melt 
consisting  of  an  equimolar  mixture  of  KHO1  and  NaNO^  with  the 
addition  ©f  0.005  ,  0,02,  0.06,  and  0.4  mole  Agll03  per  1  mole 
of  the  mixture.  Several  experiments  were  conducted  with  a  melt 
of  psre  AgKO^ 

!&e  K^ber  of  crystal  seedo  (perl  cm^  as  a  function  of 
variation  in  current  density,  temperature,  and  concentration  of 
silv«»r  ions,  is  presented  in  the  ';able.  At  constant 


-  110  - 


conc*ntrationa  and  temperature  the  number  of  crystal  seeds  in¬ 
creases  almost  linearly  with  increase  in  the  current  density 
(Figures  2  and  3)» 

Number  of  Silver  Crystallization  Centers  (per  1  cm^)  as  a  Function  of 
Current  Density,  Concentration  of  Ag^Oj  (molar  5^)  and  Temperature 
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For  a  pure  silver  nitrate  aeit  the  nu*ber  of  crystal  seeds 
as  a  function  of  current  density  under  otherwise  constant  condi¬ 
tions  is  not  so  distinctly  pronounced. 


-  Ill 


For  oxajipl*,  within  the  range  of  current  densities  of  - 

60*10~5  aap/c*'^  after  300°  aost  frequently  1-2  crystals  of 
silrer  grew,  whereas  increasing  the  current  density  to  240, 
lO”*  aap/c«rled  to  the  foraatioa  of  6-10  crystals. 


(«)  atO'\a/CHf 


Figure  2.  Ztumber  of  silver  crystallization  centers  (per 
1  as  a  function  of  current  density  at  300*  and  for  the 
aolar  fractions  of  Ag?f03  listed:  0.005  (l)l  0.02  (2);  0.06 
(3).  LEGENI^:  a)  J3«10“3,  amp/cm^ 


kt  low  AgNO^  concentrations,  red  .icing  the  temperature 
regularly  led  to  increased  number  of  crystallization  centers, 
in  which  this  affect  was  especially  cTident  at  low  temperatures 
(Figure  4).  Change  in  temperature  has  a  relatiTely  slight 
effect  on  the  number  of  crystallization  centers  at  high  AgRO^ 
concentrations  (0.4  molar  fraction)  and  in  a  melt  of  pure  silTtr 
nitrate.  The  change  in  concentration  of  AgNO^  decidedly  affects 
the  number  of  crystallisation  centers  formed  (Figure  5). 

The  data  obtained  allows  us  to  make  a  comparison  of  the 
kinetics  cf  crystal  seed  formation  appearing  in  the 
electrolysis  of  molten  nitrates  with  the  kinetics  of  their 
formation  in  solutions  of  silver  nitrate  /10-13/. 
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Figure  4*  Number  of  silver  crys¬ 
tallization  centers  as  a  function 
of  temperature  for  the  melt  con- 

Dk  « 


taining  0.02  mole  A^^Oj. 
S'lC^  amp/cm^ 


Figure  Number  of  silver  cprs- 
tallization  centers  {per  1  cm*^) 
as  a  function  of  current  density 
for  the  molar  fraction  of  0.06 
AgNOx  and  the  temperatures:  1  — 

240";  2  —  270";  3  "  500" 

LEGEND:  a)  D-10-5,  amp/cm2 

In  both  cases  the  dependence  of  the  number  of  centers  formed 
on  the  current  density  and  concentration  is  identical  in 
character.  This  similarity  allows  us  to  assume  that  in  both 
aqueous  solutions  of  AgNO^,  as  well  as  in  its  melts,  the  process 
of  crystal  seed  formation  is  based  on  the  seune  phenomenon  and 
differs  only  quantitatively.  High  temperature  and  the 
possibility  of  conducting  electrolysis  at  very  high  concentrations 
allows,  us  to  vary  the  number  of  centers  on  the  micro-cathode 
(7*10"^  cm^  \  ;  from  a  monocrystal  obtained  in  the  AgNO^  melt 
to  thousands  in  low-conceniration  melts. 

The  number  of  crystal  centers  formed  as  a  function  of  the 
variation  in  current  density  is  linear  at  constant  concentration 
and  temperature,  but  when  the  concentration  or  temperature  im 
varied  the  slope  of  the  linear  function  is  changed  (See  Figures 
2  and  5),  exercising  an  equivalent  influence  on  the  kinetics  of 
crystal  seed  formation,  increase  in  concentration  or 
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t«ap«ratur*  favora  lowering  the  quantity  of  centers  foraed 


Figure  5*  Number  of  ciystallization  centers  as  a  function 
of  AgN03  concentration  at  =  6  •10"’^  amp/cm^  and  the  temper¬ 
atures:  1  —  240*1  2  —  270*}  3  —  300“}  and  4  —  350*. 
LEGEND:  a)  K*lO°/cm^}  b)  Molar  fraction 


A  point  of  view  exists  on  the  process  of  silver 
crystallization  on  an  indifferent  cathode  in  the  electrolysis 
of  AgXOj  solutions  which  holds  that  the  process  of  ion-seed 
(or  edge  of  crystal)  passes  through  the  stage  of  foraation  of  an 
"interaediate  phase"  /9/ *  Siallar  ideas  have  been  expressed 
by  M.  Le  Blanc  /15/  in  his  tiae,  and  also  by  V.  Kohlschutter 
/iVt  sfid  analyzed  by  H.  Fischer  /l6/. 

Schottky  /!?/  believes  that  the  cathode  process  does 
exist:  the  ion  is  a  aobile  atoa  adsorbed  by  the  cathode's 
surface— surface  diffusion  of  the  atoa  to  the  position  of  lowest 
energy  level  (potential  well).  Ihe  assumption  can  be  aade  that 
in  aelts  at  high  teaperatures  such  a  process  can  exist, 
especially  given  a  high  concentration  of  cations  in  the  aelt« 

In  this  case  the  decrease  in  the  niuiber  of  crystal  seeds  with 
increase  in  teaperature  and  ion  concentration  can  be  related 
to  the  increvVse  in  rate  of  surface  diffxision  of  the  adsorbed 
atoaa  of  silr^r  and  the  increasing  probability  of  the  foz«atlon 
of  a  aaaller  nuaber  of  crystal  seeds*  However,  this  point  of 
view  requires  experiaental  confiraation. 

Conclusions* 

1*  Experiaenta  are  conducted  on  the  electrolysis  of  tha 
aeXts  IKOt  NaNOj^  with  various  AgXO^  concentratioas*  For  the 
purpose  of  studying  the  kinetics  of  foraation  of  crystal  sesds 
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of  silver  on  a  platinvia  micro-cathode <> 

2*  A  linear  dependence  was  established  between  the  number 
of  crystal  seeds  formed  and  current  density  at  constant  concen¬ 
tration  and  temperature.  Increase  in  temperature  tnd  concen¬ 
tration  results  in  a  decrease  in  the  slope  of  the  linear  func¬ 
tion  curve. 
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CfiYSTALLOPTICAL  AND  THERMOGRAPhIC  ANALYSES  OF 
DEPOSITS  OBTAINED  IN  THE  PROCESSING  OF  NEPnELINIC 
ORE  OBTAINED  BY  A  HYDROCHEMICAL  METHOD 

M,  N.  Kazov,  Z.  T.  Fateyev,  V,  D.  Ponomarev, 

S.  F.  Akhmetov  and  Kh.  N.  Nurmagambetov 

(Kazakh  Polytechnical  Institute,  Chair  of 
Metallurgy  of  Light  and  Rare  Metals.) 


Through  investigation  of  the  various  technological  opera¬ 
tions  in  the  hydrochemical  method  of  processing  nephelinic  ores 
it  was  established  that  the  structure  of  the  deposits  after  leach¬ 
ing  has  a  substantial  effect  on  the  results  of  subsequent  opera¬ 
tions. 

For  elucidation  of  the  structure  of  these  deposits  they 
were  studied  vdth  crystalloptical  and  thermographic  methods. 

The  deposit  after  leaching  (sodium-calcium  hydrosilicate) 
ware  repeatedly  examined  under  the  MIN-8  microscope.  By  the  crystal¬ 
loptical  method  it  was  established  that  the  sludge  after  leaching 
is  monophase  in  most  of  its  bulk  amd  consists  of  right  angled,  very 
well  formed  crystals  with  lightly  beveled  edges.  Their  length 
fluctuates  within  the  limits  of  14  -  l8  microns,  or  as  the  width 
varies  within  broader  limits  of  3  -  9  microns. 

Fig.  1  presents  a  microphotograph  of  a  post-leaching  deposit 
of  kiya-shaltyrskiye  urtites  obtained  under  laboratory  conditions 
at  290^,  a  30  minute  exporure  and  operations  lasting  for  1*3  hours. 
The  length  of  the  rectangles  is  14  -  18  microns,  the  width  is  3  - 
4  microns,  the  interference  color  is  pale  (white,  grey),  extinction 
is  direct,  elongation— negative.  The  indices  of  refraction  aure 

*  1«595»  N4  *  1.632.  The  compound  described  is  determined  as 
the  iodium-calcium  hydroxylate  /!/.  The  ore  mineral  is  found  as 
individual  grains. 

A  microphotograph  of  autoclaved  slurry  produced  on  am  en¬ 
larged  laboratory  instadlation,  is  shown  in  Fig.  1  b. 
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In  studying  thermograms  scdium~ca!l  cium  bydrosilicate  is 
obtained  synthetically  from  calcium  oxide  and  sodium  silicate 
through  autoclave  treatment  of  the  mixture  with  a  caustic  soda 
solution  at  290°  for  j50  minutes  (Fig.  2,  curve  1),  The  curve  has 
one  endothermic  effect  at  high  71°,  correspondinp-  to  the  separa~ 
tion  of  the  water  of  constitution.  ?he  thermogram  confirms  the 
homogeniety  of  the  deposit  obtained,  represented  as  the  sodium- 
calcium  bydrosilicate  compound. 

The  curve  2  for  the  post-leaching  deposits  of  kiya-shaltyr- 
skiye  urtites,  after  being  leached  on  the  enlarged  laboratory  in¬ 
stallation,  in  mixtures  with  concentrated  limestone  buffer  solu¬ 
tion  has  two  endoef fects :  at  5^0°,  corresponding  to  the  precipita¬ 
tion  out  of  water  of  constitution  from  sodium-calcium  hydrosiD icate 
(its  value  evidences  the  significant  amount  of  this  compound  in 
the  precipitate),  and  at  a  temperature  of  854°  /2/,  cor^'esponding 
to  the  decorarosi tion  of  calcium  carbonate.  The  presence  of  calcium 
carbonate  is  due  to  prolonged  content  of  the  resultant  sodium- 
calcium  bydrosilicate  with  air  durin-T  filtration  and  rinsing  (length 
of  operation  is  3  -  4  hours). 


Figure  1.  Microphotographs  of  the  structure  of  the  sodium-oalcium 
bydrosilicate  obtained  by  leaching  of  kiya-shaltyrskiye  urtites. 

X  500. 


The  endoeffect  corresponding  to  decomposition  of  calcium 
carbonate  is  absent  in  curve  1,  since  the  Juration  of  filtration 
and  washing  of  the  synthetically  prepared  deposits  in  the  labora¬ 
tory  autocJave  ’.'as  reduced  by  12  -  l6-fold  (down  to  15  -  20  min¬ 
utes). 

As  can  be  seen  from  the  thermograms,  the  slurry  after  leach¬ 
ing  is  chiefy  two-phase,  although  other  impurities  are  present  in 
small  amounts.  The  use  of  these  slurries  after  leaching  for  the 
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Figure  2.  Thermogram  of  the  precipitates  obtained  following  leach¬ 
ing  of  synthetically  produced  sodium-calcixiin  hydrosilicate  (l)  and 
kiya-shaltyrskiye  urtites  (2), 


Figure  3.  Microphotograj^s  of  the  precipitate  following  regeneration 
of  eoaiua  oxide  from  the  synthetically  prepared  sodlum-calcixim  hydro- 
silicate  (a),  from  the  autoclaved  sliirry  of  klya-shaltyrskiye  iirtites 
(b)t  and  from  the  autoclaved  slurry  obtained  from  the  large-scale 
laboz'atory  ^paratus  (o)«  X  500. 
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causticization  of  soda  solution  showed  that  the  finer  precipitates 
which  are  obtained  when  all  operations  of  leaching  i.n  the  auto¬ 
clave  are  carried  out  fairly  rapidly,  have  tne  best  causticizing 
capacity,  since  for  the  finer  crystals  the  precipitate  has  a  high¬ 
ly  active  surface.  Moreover,  one  should  note  that  the  extent  of 
causticization  of  the  soda  solution  by  the  precipitate  prepared  in 
the  laboratory  autoclave  is  greater  than  by  the  precipitate  of  the 
enlarged  laboratory  autoclave  due  to  its  shorter  contact  with  at¬ 
mospheric  carbon  dioxide.  The  slurry  in  the  enlarged  laboratory 
installation  was  carbonized  to  a  large  extent  and  therefore  its 
causticizing  ability  was  less.  These  considerations  are  confirmed 
by  crystallo-optical  analyj^is  of  the  precipitates  after  regenera¬ 
tion,  in  which  calcium  carbonace  is  present  along  with  the  main 
phase. 

Deposits  after  regeneration.  Regeneration  of  sodium  oxide 
is  carried  out  as  is  usually  done  with  the  hydrocheraical  method, 
i.e,,  the  slurry  following  leaching  is  treated  with  a  solution  of 
caustic  alkali  at  a  NagO  concentration  of  60  g/li  at  100°  for  12  - 
15  hours. 

Under  laboratory  conditions  regeneration  was  conducted  in 
an  autoclave,  and  when  the  enlarged  installation  was  used  —  in  a 
mixture.  Regeneration  in  the  autoclave  was  conducted  under  the 
conditions  of  avoidance  of  contact  of  the  pulp  with  atmospheric 
carbon  dioxide,  whereas  this  contact  was  established  in  the  mixer. 
This  accounts  for  the  presence  of  a  large  quantity  of  calcium  car¬ 
bonate  in  the  deposits  (up  to  50%),  obtained  after  regeneration  in 
mixers. 

Presented  in  Fig.  5  a  is  a  raicrcphotograph  of  the  deposit 
after  regeneration  with  Na20  from  synthetically  prepared  sodium- 
calcium  hydrosilicate.  Regeneration  was  conducted  in  a  laboratory 
autoclave  with  a  caustic  soda  solution  of  Ka20  concentration  of 
59»7  g/li  at  100°  for  l4  hours.  The  main  bulk  of  the  deposit  con¬ 
sists  of  weakly  anisotropic  grains  of  calcium  metasilicate  /I, 5/. 
The  grains  are  almost  perfectly  snherical,  with  a  diameter  of  15 
microns.  The  indax  of  refraction  is  1,5S2.  Present  in  small 
amounts  is  the  initial  phase  —  sodium-calcium  hydrosilicate  and 
calcium  carbonate. 

A  microphotograph  of  the  deposits  after  regeneration  on  the 
enlarged  laboratory  installation  is  shown  in  Fig.  3  C.  Regenera¬ 
tion  was  performed  in  a  tank  with  a  mixture  operating  at  a  rotation 
rate  of  150  rpm,  the  pulp  volume  being  40  liters.  The  concentra¬ 
tion  of  the  solution  upon  re-eneration  by  Na20  was  60  g/li,  tem¬ 
perature  -  95°5  duration  -  l6  hours. 

Following  regeneration  the  deposit  consisted  generally  of 
three  phases:  carbonate  (approximately  50%),  calcium  metasilicate 
(irregularly  spherical  grains  with  pale  interference  color,  some¬ 
times  simply  fog-like  patches,  approximately  40%),  and  sodium-cal- 
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cittm  hydrosilicate  (about  10%).  A  mici’ophotograph  of  the  deposit 
e.pnfiras  the  earlier  expressed  assumptions  that  along  with  the 
regeneration  of  sodium  oxidij  from  sodium-calcium  hydrosilicate, 
earbox^zation  of  the  deposits  due  to  atmospheric  carbon  dioxide 
PC ours. 

The  practical  absence  of  minerals  evidences  good  leaching. 
Therefore,  formation  of  carbonate  in  general  should  be  related  to 
prolonged  contact  of  the  slurry  with  the  air.  Carbonization  of  the 
deposit  can  possibly  be  explained  by  the  high  dispersion  of  the 
irregularly  spherical  grains  of  metasilicate  (Cf.  Fig.  3  C), 
since  the  adsorptive  film  of  carbonate  prevented  their  expansion. 

In  autoclave  regeneration  (Cf.  Fig.  3a,  b),  at  90  -  100° 
a  small  amount  of  carbonate  is  present  in  the  precipitates.  These 
deposits  have  greater  causticizing  ability  than  deposits  obtained 
on  an  enlarged  installation.  Therefore,  it  follows  that  during 
regeneration  and  causticization  that  contact  of  pulp  with  air  be 
excluded. 

The  thermogram  of  raetasilicate  obtained  through  regenera¬ 
tion  of  alkali  from  synthetic  sodium-calcium  hydrosilicate  (Fig. 

4,  curve  1)  revealed  2  exothermal  effects  at  164^^  and  8l7°. 


Figure  4»  Thermograms  of  precipitates  obtained  by  heating  the 
sodiiim- calcium  hydrosilicaie. 


Two  exo-sffects  at  approximately  the  same  temperatures  -are 
observed  on  curve  2,  obtained  in  the  heating  of  a  deposit  corre¬ 
sponding  to  Fig.  3  b,  only  here  the  exo-effects  are  more  blurred. 
Corresponding  to  curves  in  3  is  the  deposit  (Fig.  3  C^)  ob 
tained  on  an  expanded  laboratory  installation.  Here  the  exo-ef- 
feots  are  shown  at  230°  and  860^. 

Curve  4  is  recorded  during  the  heating  of  metasiiicate  ob- 
tainsd  by  th«  overflow  of  equimolar  quantities  of  sodium  silicate 
and  calcium  chloride  with  subsequent  washing  of  the  deposit  until 
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th«  chlorine  ions  have  conpletely  disappeared.  Ciystalloptically,  it 
proved  to  be  amorphous. 

On  the  thermograms  two  effects  are  generally  observedi  first, 
the  more  blurred  (its  onset  coincides  with  the  preceding  effect  and  is 
continued  to  3^0*),  and  the  second,  is  the  higher  (temperature  near 
660*) .  In  all  cases  a  low-temperature  exo-effect  is  observed  at  170-230* 
with  the  exception  of  curve  4* 

The  absence  of  endo-effects  suggests  the  thought  that  the  water 
contained  in  the  deposit  is  not  crystallizational,  but  derives  from 
obtaining  of  metaslllcate  chemically. 

In  investigations  by  E.  Tilo  et  al  /4/,  in  the  study  of  the  salts 
of  low-molecular  silicic  acids,  in  particular  calcium  silicates,  it  is 
indicated  that  their  hydrolysis  leads  to  the  formation  not  of  crystal 
hydrates,  but  to  "acidic"  silicates.  From  the  monosilicate  CaNa2SiO^, 
whose  structure  has  been  determined  by  X-rays,  these  researchers  obtained 
by  the  reaction  of  hydrolysis  the  calcium- sodium  hydromonosilicate  — 
CaNaOHSiO^  and  the  calcium  dibydromonosilicate  Ca(0H)2Si03. 

The  last  two  compounds  are  none  other  than  sodiiam- calcium  hydro- 
silicate,  which  we  obtained  diiring  leaching,  and  which  have  the  composi¬ 
tion  of  2CaNa0HSi03  or  Na20*2CaO*2Si02*H20,  and  calcium  metasilicate, 
obtained  in  the  regeneration  of  Ca(OH)2Si05  or  Ca0*Si02*H20. 

The  authors  present  th  •  ff llowing  structural  formula: 


Cq** 

2Na* 


r  ■  1 

|o-S-0' 

L  !r  J 


and  regard  this  compound  as  the  neutral  salt  of  tetrabasic-orthosilicic 
acid.  Therefore,  structural  formulas  of  sodium-calcium  hydrosilicate 
(we  will  retain  the  name  earlier  adopted  by  us)  are 


Ca*‘ 

Hd^ 


r.f  I 

HO-Si-oi 

i- J 


and  for  calcitun  metasilicate, 

"  W  “ 

E.  Tilo  et  al  showed  that  calcium  metasilicate  CaH2SiO^  is  stable 
toward  water.  This  compound  is  the  final  product  of  the  hydrolysis  of 
CaNa2Si04,  occurring  in  two  steps: 


CaNajSi0,+H20  ^  CaNaSiO,+NaOH; 
CaNaHSi0,+H20;=rCaHjSi0,+Na0H. 
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The  second  step  of  the  hT'drolyeie  continiies  for  a  longer  period 
with  large  exoees  of  water*  The  pretence  of  alkali  acoeleratee  it 
three-fold.  Onl/  at  hi^  ooncentratione  of  the  iona  Sa**^  and  08~  in  the 
liquid  phaae  ie  hjrdrolyaia  accordingly  retarded* 

The  proceea  called  tie  regeneration  is  eeaentlally  the  hydroly¬ 
sis  described  above.  Ind  in  our  ezpericienta  regeneration  occurs  more 
completely  and  more  rapidly  not  with  water*  but  with  caustic  soda  solu¬ 
tions  of  60  g/li  concentration*  in  terms  of  Va20* 

The  relatively  small  transition  of  silica  into  the  solution  can 
be  explained  by  the  fact  that  silica  is  botmd  in  the  acidic  salt 
CaH2Si04,  whose  solubility  in  water  is  low.  Possibly*  this  silicate  is 
partially  decoaq>oaed  in  alkaline  solution. 

In  explaining  the  exo-effect  obtained  in  the  thermograms  of 
metasilicate  at  170-230**  we  made  the  suggestion  that  the  system  of 
metastable  state  is  converted  into  the  stable  state  with  the  liberation 
of  excess  energy. 

The  same  authors  speak  of  the  appearance  of  an  unstable  phase  of 
CalTaHSiO^*  yielding  a  roentgenogram  of  CaNa2Si04*  and  only  160*  is  this 
unstable  product  converted  into  the  stable  phase  of  CaNa^iO^  with  its 
characteristic  lattice. 

From  crystal  lop  ti  cal  analysis  of  the  precipitates  we  have  obtained 
after  regeneration  at  100*  it  is  clear  that  in  them  regained  a  -aall  amount 
of  the  initial  phase  of  the  sodixm- calcium  hydrosllicate*  and  the  main 
bulk  of  the  precipitate  consists  of  calcim  metaslllcate.  It  can  be  stag- 
gested  from  analogy  with  the  formation  of  the  unstable  phase  of  sodium- 
calcium  hydrosllicate  that  calcium  metasilicate  is  also  in  an  unstable 
state*  and  then  the  exc-effect  at  170-230*  can  be  explained  by  the  transi¬ 
tion  of  the  metasilicate  to  the  stable  state. 

The  second  exo-effect  at  820-860*  can  be  sjrolained  by  the  trans¬ 
formation  of  calcium  metasilicate  to  wollastonite  /d/.  This  transforma¬ 
tion  is  accompanied  by  bright  glow  and  by  intense  compression  of  the 
compound.  Between  750  and  800*  the  initial  lattice  of  metasilicate  is 
completely  destroyed  and  the  compoxuid  becomes  amorphous. 

Farther  formation  of  the  crystal  lattice  of  wollastonite  is 
accompanied  ty  liberation  of  energy*  which  corresponds  to  the  second 
exo-^'ffect  on  curves  1  and  4  of  Figure  4. 

*  The  precipitates  after-  cansticization  of  the  soda  solution  by 
sodium-oalcium  hydroailioate.  The  precipitates  ars  obtained  as  multi¬ 
phase.  Cryatalloptice.1  and  thermographic  analyses  frequsntly  cannot 
give  a  i'atisfactory  explanation  of  the  ccmpositior  of  the  precipitates. 
However,  qualitatively  it  is  possible  to  assume  the  cause  to  ba  Jie  at 
times  incoiiq>lete  regeneration  of  alkali  from  the  precipitate  and  different 
extent  of  use  of  the  precipitate  calciiim  oxide. 

Examined  under  the  aicrosoope  were  preeipit4tes  obtained  in 
caustic! zatlon  of  soda  aolution  of  100  g/ll  oonoantration*  for  the  sxtsnt 
of  CaO  iise  MOiging  from  355^  to  bOjt*  and  for  different  degrees  cf  rsgsnsr- 
ation. 

Figure  3a*  b*  la  shown  a  mlorophotograph  of  ths  precipitats 
following  caustioizatlott  of  a  soda  aolution  bjT  autoolaved  slurry*  The 
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conditions  of  cauaticization  are  as  follows t  temparature  ■  100*,  dura¬ 
tion  »  10  hours,  soda  solution  concentration  «  39*0  g/li  of  lfa20.  The 
extent  of  use  of  precipitate  CaO  is  47.4?^. 

The  deposits  consist  of  severa'.  'ihasas,  the  chief  of  which  is 
carbonate  (cf  Figure  5  ^  )  1  represented  by  fine  round  or  tabular  (square) 
g-rains  with  hi^  interference  colors.  T’ley  will  form  either  small  clue- 
cers  or  encompass  another  solid  phase.  The  indices  of  the  fraction  are 
Np  «  1.486,  Nh  =  1.658.  The  calcium  carbonate  content  in  the  precipi¬ 
tate  is  50-60^, 


FIGURE  5.  Micro¬ 
photographs  of 
deposit  obtained 
after  treating 
autoclaved  slurry 
with  soda  solution 
of  58.5  g/li  Na20 
conc'^ntration. 
a  -  Without  analyzer; 
b  -  With  analyzer 

6  600. 


I  L  u 


.1^ 


FIGURE  6.  Microphoto¬ 
graph  of  deposit  ob¬ 
tained  after  treatment 
of  autoclaved  slurry 
with  soda  solution  of 
39-0  g/li  Na20  con¬ 
centration,  X  500. 


second  end  third  phases  are  hypothetically  represented  as 
undecoi^osed  original  sodiua-caloiua  hydroailicate  and  oalciua  hydro* 
•illM^e.  the  phases  indicated  are  nuclei  of  tonal  grains  with  carbonate 
the  periphexyt  vhich  does  not  afford  a  possibility  of 
detezimning  their  indices  of  refraction.  F^trtheraore,  the  precipitate 
contains  a  aaall  anount  of  silica  (approximately  5?^),  which  will  form 
colorless  isctropic  grains  of  15-30  microns  in  sizS)  of  irregular  form 
with  an  index  of  refraction  •  I.46O. 

Analysis  of  the  microphotographs  on  Figures  5  6  and  compari¬ 

son  of  them  with  Figures  1  and  3  shows  that  the  process  of  causticiza- 
tion  probably  occurs  in  parallel  wi:h  regeneration,  i.e.,  with  the 
formation  of  calcium  metasilicate* 

Along  with  the  fine  grains  of  carbonate  zonal  formations  are 
obsezr^ed,  auggestixe  of  xaetesilicate.,  but  covered  by  carbonate,  which 
prevents  further  caustlcization  and  possibly,  fuller  regeneration  of 
alkali  from  soditun-calcium  hydrosilicate. 

Conclusions 

1.  As  the  result  of  crystalloptical  and  thermogrardiic  analyses 
it  has  become  possible  to  more  fully  explain  the  results  obtained  in 
the  technological  operations  of  regeneration  and  causticization. 

2,,  It  has  been  shown  that  the  structures  of  sodium-calcium 
hydroailicate  varies  aa  a  function  of  length  of  preparation.  To  increase 
the  activity  of  this  compound  the  process  must  be  conducted  under  condi¬ 
tions  favoring  minimal  contact  with  atmospheric  carbon  dioxide. 
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PR03L£M  OF  OBTAINING  PURE  MAGhHSIUM  IN 
ELECTROLYTIC  REFINING 

U.  D.  Dej'ter  aiud  A.  I.  Belyayev 

(I'ioscow  Institute  of  Steel  and  Alloys,  Chair  of 
Pure  Metals  and  Semi-Conductor  Material) 


Metallic  magnesium,  of  a  purity  higher  than  the  purity  of 
magnesium  obtained  vdth  the  electrolytic  method  at  present  is 
achieved  by  vacuum  deposition.  But  this  method  has  several  short¬ 
comings:  periodicity  of  the  process,  complicated  and  expensive 
equipment,  low  utilization  factor  of  equipment,  and  others.  More¬ 
over  in  deposition  certain  impurities  are  difficult  to  remove  due 
to  the  nearness  of  the  boiling  points  to  that  of  magnesium  (Zn,  Ca 
chlorides ) . 

These  shortcomings  are  not  present  in  the  electrolytic 
method  of  metal  refining,  for  instance  in  the  production  in  this 
way  of  ultra-pure  aluminum.  A  successful  attempt  to  transfer  this 
process  to  the  metallurgy  of  magnesium  has  lately  been  made  by 
0.  A,  Lebedev  and  K.  D,  Kuzhzhavlev  /!/.  They  applied  it  to  pro¬ 
duce  high-purity  magnesium,  as  well  as  for  processing  of  the  sec¬ 
ondary  metals.  They  used  both  a  two-layer  as  well  as  a  three- 
layer  method  for  electrolytic  refining  of  metallic  magnesium. 

The  metal  obtained  had  anproxima tely  the  same  purity  as  magnesium 
purified  by  sublimation  (residual  content  of  impurities  =  0.005% 
by  weight). 

The  aim  of  this  present  study  was  to  investigate  the  effect 
of  electrolyte  composition  on  the  yield  in  terms  of  current  in  the 
electrolytic  refining  of  magnesium  and  to  find  the  electrolyte 
composition  which  gives  the  highest  cathode  yield  on  a  current 
basis. 

'Re  used  the  three-layer  method  of  electrolytic  refining 
(laboratory  electrolyzer  used  in  studying  this  process  is  shown 
in  Fig,  l).  The  interpolar  distance  varied  between  l8  and  22 
mm.  The  current  intensity  was  constant  in  all  the  experiments  and 
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was  equal  to  3«0  amperes*  The  actual  current  densities  on  the 
anode  and  cathode  are  difficult  to  d'?termine.  Division  of  the 
value  of  the  current  intensity  by  s^^ctions  of  the  graphite  cathode 
and  anode  metal  (i«e.,  the  broadened  section  in  the  bottom  of  the 
crucible)  gives  =  1.70  amp/cw''  and  T)4^  =  0.6l  amp/cm'^.  The 
operating  temperature  of  the  electrolyte  (the  quantity  used  was 
300  g)  was  700°  in  all  cases.  Added  to  all  electrolytes  was  2% 
by  weight  of  CaF2*  The  salts  used,  in  addition  to  KOI  and  KRF2, 
were  of  the  technically  pure  grade.  Magnesium  chloride  (from  the 
magfiesiuffitheraiY  of  titanium)  was  not  free  of  moisture.  Used  in 
each  experiment  was  approximately  20  grams  of  anode  alloy  con¬ 
taining  20%  Cu.  In  experiments  with  electrolyte  containing  BaCl2. 
due  to  the  higher  specific  weight  of  these  alloys  the  anode  alloy 
contained  35%  Cu,  The  batch  of  individual  components  correspond¬ 
ing  to  the  electrolyte  composition  was  loaded  in  the  electrolyzer, 
and  it  was  placed  in  u  heated  furnace.  After  the  salts  were  melted 
anode  alloy  was  added  and  the  malt  melt  was  dehydrated  and  cleaned 
as  it  was  intensively  mixed  with  an  iron  spatula. 


Figure  1.  Diagram  of  the  electrolyzer: 

1  —  iron  crucible;  2  —  graphite  crucible; 
3  ~  corundxim  diaphragm;  4  —  graphite 
cathode;  5  --  iron  anode  current  lead-in; 

6  —  anode  alloy;  7  —  electrolyte;  8  — 
cathode  metbl 


I 


After  gas  evolution  ceased  the  graphite  cathode  was  lowered 
into  the  melt  and  upon  attainment  of  the  operating  temperature 
electrolysis  was  begun.  The  cathode  metal  collected  on  the  sur¬ 
face  of  the  electrolyte  in  the  form  of  little  balls  up  to  5  nun  in 
diamter.  Upon  completion  of  the  experiment  they  were  collected 
by  the  iron  spatula  into  a  large  ball,  which  later  on  hardening 
of  the  metal  was  extracted  from  the  still  liquid  electrolyte. 

The  electrolyte  and  the  remainder  of  the  anode  alloy  congealed  in 
the  graphite  crucible.  This  was  then  broken  and  the  anode  metal 
separated  from  the  electrolyte.  Part  of  the  anode  alloy  remain¬ 
ing  in  the  form  of  fine  balls  on  the  bottom  of  the  crucible,  in 
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spite  of  inclining  the  crucible  bottom,  was  impossible  to  extri¬ 
cate.  Therefore,  calculation  of  the  ainode  yield  in  terms  of  cur- 
..’ent  by  difference  of  the  weight  of  the  anode  alloy  before  the 
experiment  and  after  it  gave  overhigh  values. 

In  order  to  determine  approximately  what  values  the  anode 
yield  actually  attains  in  terms  of  current  several  experiments 
were  carried  out.  Four  hundred  grams  of  an  electrolyte  were 
melted  from  separate  salts  in  a  corundum  crucible  (in  weight  per¬ 
cent):  50  MgCl2,  12.5  KCl,  37.5  NaCi  with  the  addition  of  8  grams 
(to  weight  percent)  of  CaF2 ?  the  melt  was  dehydrated  as  descrioed 
above  at  a  temperature  of  about  750°.  IVhen  the  slurry  vdiich  was 
formed  upon  dehydration  settled,  the  pure  electrolyte  (300  -  350 
grams)  was  decanted  to  a  second  corundum  crucible.  fn  anode  alloy 
in  a  graphite  boat  was  placed  into  this  crucible  along  with  pure 
magnesium  as  the  "cathode  metal".  A  second  batch  of  anode  alloy 
was  added  to  the  graphite  boat  directly  under  the  surface  of  the 
melt,  in  order  to  make  possible  the  best  comparison  of  it  with 
pure  magnesium  (Fig.  2). 


Figure  2.  Diagram  of  the  device  used 
for  determining  chemical  losses  of 
magnesium:  1  -»  corundum  crucible;  2  — 
electrolyte;  3  —  graphite  boat;  4  — 
carbon  rod;  5  iron  wire;  6  —  corxmdum 
tube  (for  protection  of  the  copper  rod 
from  oxidation);  7  ~  anode  melt;  8  ~ 
pxire  magnesium;  9  iron  crucible 


After  sustaining  the  melt  for  3  hours,  the  weight  losses  of 
magnesium  and  of  the  anode  alloy  were  determined.  The  results  are 
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presented  in  Fig.  3*  Aa  can  be  seen,  loss  of  anode  alloy  exceeded 
by  alBost  two-fold  the  loss  of  pure  jaagneaiura.  Within  the  limits 
studied  the  electrolyte's  temperature  wae  not  determiriing,  and  the 
loss  of  anode  electrode  depended  little  on  its  location  in  the 
electrolyte  (on  the  surface  or  on  the  bottom  of  the  crucible). 

The  character  of  the  magnesium  losses  can  be  apparently  explained 
as  due  to  the  following  causes:  direct  oxidation  of  the  metal 
at  the  electrolyte  surface  by  atmospheric  oxygen  and  moisture; 
oxidation  of  magnesium  chloride  owing  to  absorption  of  atmospheric 
oxygen  by  the  electrolyte  according  to  the  reaction 

MgCla+HiO  —  MgOHCl+HCl; 


subsequent  reaction  of  magnesium  hydroxychloride  with  magnesium 


Mg+2Mg011Cl  —  2MgO+MgG2+H2; 


formation  of  magnesium  subchloride  by  the  reaction 


Mg+MgClj—  2MgC!(Mg.Cl2). 


R.  A.  Sandler  /2/  calculated  the  value  of  the  standard 
heat  formation  of  magnesium  subchlorid*  MgCl,  H  298  “  *’  ^2*9 
kilocalories/mcle.  Following  method  described  by  0.  K.  Kubaschev- 
skii  /Kubaehevskiy^  and  E.  Ewans  /3/»  the  value  of  the  standard 
enthalpy  of  MgCl  3^298  calculated  as  equal  to  17.3  kilocalori  es/ 
mole  -  deg. 

The  values  of  the  free  energy  of  the  reaction  of  MgCl  for¬ 
mation  calculated  on  the  basis  of  these  data  to  the  first  approxi¬ 
mation  of  Ulikh  remained  positive  within  a  broad  temperature  range 
(25  -  1103%)-  This  means  that  the  formation  of  magnesium  sub- 
chloride  under  these  conditions  is  thermodynamically  of  low 
probability  (Table  1). 

But  actually  it' ia  possible  to  assume  that  the  foraatioa  of 
NgCI  occurs  directly  on  the  surface  of  the  metal  in  very  small 
ambusts  until  the  equilibrium  constant  reaches  a  value  which  M.  6. 
Bakun  and  Ye.  A.  Ukahe  /4/  calculated  as  equal  to  approximately 
40  *  10**^.  The  magnesium  chloride  thus  formed  is  carried  away  by 
diTfnsimn  and  circulation  of  the  electrolytes  from  the  surface  of 
the  metal,  undergoing  a  disproportionation  reaction: 
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FIGURE  3.  Chemical  losses  as  a  fvmction  of  electrolyte 
temperature  1  anode  alloy  on  bottom  of  crucible  (l)  or 
directly  on  electrolyte  surface  (2);  pure  magnesium  (3)® 
Duration  of  experiment  =  three  hours. 

LEGEND  1  a)  Wei^t  loss,  grams;  b)  Electrolyte 
temperature;  c)  Pure  magnesium;  d)  Anode  alloy 


MgCl  —  0.5Mg+0.5MgClj. 


This  permits  us  to  explain  the  appearance  of  ’'dark  stresuas" 
and  of  aoac  fine  particles  spreading  from  the  regulus  of  aagnesiu* 
and  giring  ’’the  impression  of  some  spattering  of  the  metal,"  of 
which  writes  A.  i.  Zhurin  /5/  in  conducting  experiments  on  the 
electrolysis  of  magnesium. 

It  is  possible  to  assume  that  the  formation  of  magnesium 
subchloride  under  the  influence  of  the  electrolytic  potential  in 
electrolysis  is  increased.  Weight  losses  of  the  emode  alloy  and 
of  pure  magnesixim  differing  greatly  from  each  other  are  obriously 
caused  by  the  formation  on  the  anode  alloy  surface  of  galvanic 
short-circuiting  elements  (in  which  copper  is  the  cathode)  that 
favor  dissolution  of  aagnesivia. 

Tjje  weight  losses  found  give  for  the  strength  of  the  cur¬ 
rent  used  in  electrolysis  (3  amperes)  a  decrease  in  the  cathode 
yield  in  terms  of  the  currjut  of  4%  and  ah  increase  in  the  anode 
yield  in  terms  of  the  current  of  8%,  Of  course,  it  is  impossible 
to  transfer  these  values  directly  to  experiments  in  electrolytic 
refining,  but  they  in  any  case  give  us  an  idea  of  the  extent  of 
chemical  losses  of  nagneaixm.  Since  mechanical,  losses  of  the 
anode  metal  are  actually  absent,  then  we  can  assume  that  the  anode 
yield  in  terms  of  current  in  our  experiment  is  105  -  115/^. 
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Til*  •3}>«rlii«nts  in  •l«etrolytic  rofiaing  of  aagaeniua  uning 
tlt^trdytfs  baaed  on  nlXoya  of  the  MgCl^  -  KCl  •  SnCl  system  in 
order  to  find  the  optimal  content  of  MgCl^>  and  the  optimal  XCl: 
(KCl  ♦  laCl)  ratio  in  the  elec troKy tea  were  conduoted*  Then  the 
poeaihility  of  increasing  the  cathode  yield  in  terms  of  current 
by  iaereaLsiag  the  specific  grarity  of  the  salt  melt  by  adding 
calcium  chloride  or  barium  chloride  was  studied. 

Q  TABLE  1 

Temperature  Dependence  of  Free  Energy  of  the  Reaction 
Mg  +  KgClgTlaMgCl 


1  (a)  TeKHcpjTypa 

•K 

296 

25 

?  +25,98 

923 

650 

+22,59 

967 

714 

+22.39 

1378 

nos 

+22.25 

LEGEND:  a)  Temperature?  b)  Z^,  kcal 


Besults  of  the  first  series  of  experiments  are  presented 
in  Fig.  4.  As  can  be  seen,  the  content  of  MgCl^  and  KCl: (KCl  4 
VaCl)  ratio  in  the  electrolyte  hare  a  decisive  influence  on  the 
cathode  yield  in  terms  of  current.  For  a  content  of  approximately 
45  weight  %  of  NgClp  the  value  of  the  current-based  yield  in  ECl-3 
electrolyte  /KCl: (KCl  4  KaCl)  «  0/  reaches  s  maxim'am  value  (96  - 
97^).  Vjth  sn  increase  in  MgCl2  concentration  is  lowered 
shsirply.  The  curve  of  the  yield  in  terms  of  current  for  the 
electrolyte  with  higher  KCl: (KCl  4  KaCl)  ratios  are  lower  on  the 
curve,  but  rise  with  increase  in  MgCl2  content  of  45  weight  5^. 
However,  their  slope  is  more  gradual.  Maxims  have  also  been  noted 
for  these,  corresponding  to  definite  concentrations  of  MgCl2  which 
are  the  higher  the  higher  the  KOI  contest  in  the  electrolyte.  But 
absolute  values  of  the  maxima  do  not  exceed  92K. 

In  Fig.  5  are  plotted  the  lines  of  equal  cathode  yields  in 
terms  of  currant  for  the  melts  of  the  MgCl2-KCl-KaCl  system,  con¬ 
structed  on  the  basis  of  the  results  obtainsd.  From  Fig.  5  we  can 
easily  sse  the  favorable  influence  on  the  yield  in  terms  of  current 
of  alloys  free  of  KCl  with  a  content  of  45  weight  %  MgCl^;  it  la 
alao  clbar  that  with  increased  MgCl2  content  in  the  electrodes 
above  50  weight  jK,  the  KCl  content  must  also  hs  augmented,  so  that 
it  is  possible  to  achieve  in  each  case  a  maximum  yield  in  terms  of 
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current,  but  siaultaneously  ite  absolute  value  is  reduced 


figure  4.  Cathode  current-based  yield  as  a  function  of 
flgClp  content  in  electrolytes  of  the  MgC\_-KCl-NaCl 
system.  Weight  ratios  of  KCl  :  (  KCl  4-  NaCl):l  -  0; 

2  -  0,23;  3  -  0.5?  4  ^  0.73  LEGEND;  a)  ;  b)  MgCI,, 
weight  percent 

The  effect  of  the  KCl: (KCl  +  NaCl)  ratio  in  the  electrolyte 
on  the  current-based  cathode  yield  that  was  found  is  accounted 
for  by  the  following.  Beth  KCl  as  well  as  SaCl  forn  in  the  solid 
phase  coiapounds  with  magnesium  chloride.  This  means  that  both 
chlorides  in  the  molten  state  with  magnesiuK  chloride  .yield  com¬ 
plexes,  i.e.,  lower  the  activity  of  HgCl2,  and  here  the  complexes 
with  KCl  are  more  stable  than  complexes  with  HaCl  /6,  page  11/* 

This  is  due  to  the  fact  that  the  coapovinds  KCl*MgCl2  and  2KCl*MgCl2 
are  dystectics  /7,  pages  3^9>  362/  and  that  the  oong)ounds  SaCl«MgCl2 
and  2NaCl*MgCl2  melt  incoherently  /?,  pages  499,  501/. 
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FIGURE  5*  Lines  of  equal  cathesie  current-based  yields 
{•/>)  in  the  MgCl^-  KCl-NaCl  system. 

LEGEND:  a)  Vei^t  percent 


In  order  to  better  represent  the  effect  of  conplexee  of 
KCI  with  N^lp  on  the  current-based  cathode  yield  an  atteapt  is 
aade  to  fraphically  represent  as  a  function  of  the  content  of 
‘♦free’*  MgCl2  in  the  electrolyte  (Fig.  6),  Taken  as  the  content 
of  ''free**  HgCl2  was  the  difference  between  the  KCI  and  the  HgClp 
concentrations  in  the  electrolyte  in  aol,  5I»,  i.e.,  MgCl2  free  = 
>*2Cl2  ab,  -  KCI. 

in  Fig.  6  it  is  clear  that  independently  of  the  KCI:  (KCI  -t- 
NaCl)  ratio  in  the  electrolyte  the  cathode  yield  aaxiaa  in  terms 
of  current  are  reached  for  a "free"  KgCl2  content  in  the  electrolyte 
within  the  limits  of  25  -  ^0  mole  %,  3nis  graph  of  course  does 
not  quite  accurately  reflect  the  true  experimental  situation* 

Thus,  for  instance,  the  negative  values  for  the  “free”  MgCl2  con¬ 
tent  are  impossible  (they  occurred  at  high  concentrations  of  SCI 
and  low  concentrations  of  MgCl2  in  the  electrolyte). 


"free”  NgCl„  content  in  electrolytes  cf  the  MgCl_-KCl-KaCl 
system.  Weight  ratios  of  KCI:  (KCI  +  NaCi)?  1  -  0|  2  - 
0.25?  5  -  0.5?  4  -  0.75- 

iEGEJCD:  a)  7^^^  ?  b)  Content  of  "free"  MgCl^,  mole-^ 


With  the  addition  of  CaCl2  to  the  electrolyte  a  few  ex¬ 
periments  were  carried  out,  since  a  more  substantial,  increase  in 
the  specific  weight  of  the  electrolyte  can  be  achieTed  with  barium 
chloride.  The  results  of  the  experiments  are  presented  in  Fig*  7 
a.  Cie  comparison  curves  shown  in  this  figure  gives  us  the  cath¬ 
ode  yield  in  terms  of  current,  which  was  attained  in  these  elec¬ 
trolytes,  but  without  the  addition  of  CaClp. 

It  is  clear  from  the  curves  (Fig.  6)  that  at  given  ratios 
of  other  electrolyte  components  CaCl2  significantly  increases  the 
cathode  yield  in  terms  of  current,  The  effect  of  Ca  Cl.,,  can  be 
e3q?lained  as  follows*  Ga  Cl^  foiros  in  the  solid  phase  a  compound  with 
KCI,  Ca  Cig*  KCI  (dystectic)  with  melting  point  of  754*-  With  f5g  Clg 
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and  KaCl,  calcium  chloride  does  not  produce  compounds  in  the  solid 
phase  /?»  page  179/*  Jhie  to  the  higiitr  melting  point  of  the  Ca  Cl^  • 

KCl  compound  compared  to  the  compounds  KCl*Mg  Clg  (488®)  and  2  KCl* 

Mg  Cl  (453)  it  can  be  assumed  that  in  the  melt  complexes  of  Ca  Cl^ 
with  kCI  are  more  staole  than  complexes  of  Mg  Cl^  with  KCl. 
lEherefore,  the  Ca  CI2  introduced  into  the  electrolyte,  terming 
complexes  with  KCl  reduces  the  amount  of  complexes  of  Mg  Cl^  with  KCl 
in  the  electrolyte  and  thus  accounts  for  an  increase  in  the  content  of 
"free"  Mg  Cl  .  This  latter  content  approaches  the  optimal  value,  since 
that,  in  addition  with  the  increased  specific  weight  of  the  salt 
solution  a  rise  in  cathode  yield  baaed  on  current. 

The  effect  of  10^  3a  Clp  in  electrolytes  containing  4O  weight 
percent  Mg  Cl^  on  the  current-based  cathode  yield  as  a  function  of 
the  wei^t  ratio  KCIj  (KCI  +  Na  Cl)  shown  in  Figiire  7  h.  As  we  can 
see,  addition  of  M  Cl^  at  the  given  Mg  Cl^  content  results  in  an 
increase  in  the  cathode  current-based  yield  compared  to  the  Ba 
free  starting  melts  only  when  the  veigiit  ratio  KCl:  (KCl  +  Wa  Cl)  is 
higher  than  G.3. 

The  main  I'eason  for  such  an  effect  of  Ba  Cl^  on  the  current- 
based  yield  is  apparent  in  the  following  description.  Whereas  in  the 
system  Ka  Cl  -  M  Cl-  there  is  no  chemical  compound  /?,  pages  119-121/, 

Ba  Clp  forms  with  Kcl  in  the  solid  phase  the  compound  2  KCl’  Ba  Clp 
(dyetectic,  with  melting  point  of  66O®)  /7,il5  and  II4/.AS  also  for 
the  case  of  Ca  Cl.^*  it  can  be  assiuaed  that  complexes  of  Ba  Cl^  with 
KCl-  in  the  melt  are  stabler  than  complexes  of  KCl  with  Mg  Cl!,. 

Iherefore,  the  addition  of  Ba  Clg  to  melts  with  a  hi^  KCl:  (KCl  + 

Wa  Cl)  ratio  also  increases  the  content  cf  "free"  Mg  Clp,  which  in 
addition  to  increasing  the  specific  gravity  of  the  electrolyte,  also 
leads  to  the  positive  effect  of  Ba  Cl^  on  the  current-based  cathode 
yield. 

For  electrolytes  with  low  KCl  concentrations,  or  those  free 
of  KCl,  complexes  of  Mg  Clp  with  KCl  are  few  and  not  at  all  present, 
so  that  almost  all  the  Mg  Clp  is  in  the  free  state. 

Little  data  /7i  page  xl7/  is  on  ths  Ba  Clp-I-Ig  Cl^  system. 

Both  chlorides  form  in  the  solid  phase  a  compound  containing 
approximately  4O  nole-^  Ba  CI2  (which  corresponds  to  5  Mg  CI2  '  2  3a  GI2), 
which  decomposes  at  590®,  but  dur  to  the  relatively  high  decomposition 
temperature  Ba  Gl^  is  more  capable  of  forming  in  the  melt  complexes 
with  Mg  Clp  than  as  Na  Cl  (Na  Cl*  Mg  Clp  decomposes  at  465"  and  2  Na  Cl  • 
Mg  CI2  at  415").  ^ 

Therefore,  the  addition  of  the  Ba  CI2  to  melts  with  low  KCl; 

(KCl  -f  Na  Cl)  ratio  leads  to  a  reduction  in  the  content  of  "free" 

Clp,  in  which  tne  concentration  of  the  latter  leaves  the  optimal 
region  and  the  current-based  cathode  yield  is  diminished.  With 
increased  KCl  content  in  the  melts  complexes  of  Mg  Cl-  with  Ba  Clp  are 
formed  to  a  lesser  extent,  because  of  complexes  of  Ba^^Clp  with  KCI 
are  stabler  due  to  the  different  behavior  during  fusion'^of  the 
corresponding  compounds  2  KCl.  3a  Clp  (dyatectic)  and  3  Mg  Cl  •  2  Ba  Cl 
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(thi«  aelta  incoherently). 

Figttre  7c  ehowa  the  effect  of  20?6  Ba  Cl^  on  the  current-baaed 
cathode  yield  aa  a  function  of  the  weight  rfttio  KCli  (KCl  +  Na  Cl) 
in  aelte  with  a  conatant  composition  of  40  wei^t  percent  Mg  Cl,,.  In 
contrast  to  the  behavior  of  the  curve  in  Figure  7hi  here  the  nejiative 
effect  of  Ba  Cl«  in  the  electrolyte  free  of  KCl  or  with  low  KCl  content 
is  not  observed.  Since  ccmplexea  of  Ba  Clg  with  Mg  Cl„  in  the  melt  are 
not  stable,  then  it  can  be  assumed  that  compered  to  melts  lean  in 
magnesium  chloride  content  (Figure  7h)  •  compleXu*t;ion  between  Ba  Cl^  and 
Mg  Cl_  does  not  increase  sharply,  in  spite  of  the  higher  Be  Cl^  content. 
Moreover,  in  the  original  melts  (See  Figure  7e)  the  content  of  "free” 

Mg  Cl-  is  greater  and  the  increase  in  the  specific  gravity  of  the  melts 
here  Is  very  significant,  such  that  the  negative  influence  of  Ba  Cl^ 
is  not  observed.  The  positive  effect  of  Ba  Cl  in  electrolytes  with 
a  higher  KCli  (KCl  +  Na  Cl)  ratio  (0.5-0.75)  or  course,  is  preserved. 

In  this  region  of  the  curve  the  absolute  values  of  the  is  somewhat 
lower  than  the  correi5)onding  electrolytes  in  Figure  7h.  This  is  due 
to  the  fact  that  here  the  addition  of  Ba  Cl-  is  responsible  for  such 
a  decided  elevation  in  the  content  of  "free"  Mg  CI2  that  it  departs 
frozp  the  optimal  region. 

To  determine  the  opci'nal  workincr  temperature  for  electro¬ 
lytes  several  experiments  were  conducted  usina:  the  eiectrolyte 
number  12  :  4O  wei^t  percent  Mg  Cl^  60  weight  percent  Na  Cl  + 

2^  Ca  F^and  the  electrolyte  No  16:50  wei^t  percent  Mg  Cl^,  50  weight 
percent ‘^Ba  Cl„  +  Ca  ?«.  In  experiments  with  the  electrolyte  No  16 
.-reviously  dehydrated  aait  melt  was  used  (dehydration  at  700*  using  am 
anode  alloy,  separation  of  the  ptire  melt  from  the  sli^riy  and  metal  by 
decanting) .  This  made  it  possible  to  determine  more  or  less  precisely 
the  actual  anode  current-based  yield  in  electrolysis. 

The  results  of  these  experiments  are  shown  in  Figure  7* 
accordance  with  the  electrolysis  experiments  on  magnesium  /9,  page  25 1/ , 
a  working  temperature  of  approxiaately  680®  proved  to  be  the  best. 


weight  ratio  k81:(KCl  HaCl)  in  electrolytes  of  the  follow 
(continued  next  page) 
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ing  BjsttMB  (weight  %):  a  -  10CaCl2-40MgClp-KCl-NaCl  (l);  b  - 
10B«Cl2-40MgCl2“K01-NaCi  (2);  c  -  20BaCl2-5oMgCl2-KCl-»aCl  (3)- 
1',  2',  3‘  -  Coaparioon  curves.  LEGEND:  a)  ;  b)  MgCl2,wt.  %, 


d  )  let^nepcr^ypa  x/tPHmfc/iama  *c 

FIGUBE  8.  Cathode  and  anode  current-b^sed  yield  as  the 
function  of  electrolyte  temperature.  LEGEND;  a)  » 
b)  Electrolyte;  d)  Electrolyte  temperature  °C. 

Some  samples  of  the  cathode  metal  the  composition  of  the 
impurity  Al,  Pe*,  Cu,  and  Si  (Table  2)  were  determined  by  chemical 
euialysis.  In  not  a  single  case  was  it  possible  to  detect  silicon. 

Comparison  with  the  composition  of  the  original  metal  (magnesium 
of  grade  MG  l)  showed  that  the  composition  of  aluminum  and  copper  is 
not  diminished,  but  the  iron  impurity  is  significantly  reduced.  It 
must  be  noted  that  the  amount  of  cathode  metal  obtained  in  the  exper¬ 
iment  was  very  moderate,  which  made  determination  of  aluminum  difficult, 
very  far  from  precise  determination.  Moreover,  as  the  experiments  of 
0.  A.  Lebedev  and  K.  E.  Muzhzhavlev  /l/  have  shown,  the  content  of 
impurities  in  the  cathode  metal,  especially  the  Al  content,  depends 
strongly  on  the  anode  density  of  the  current  and  increases  with  the 
latter.  Since  in  our  experiments  a  relatively  hi^  anode  current 
density  was  used,  the  relatively,  low  frequency  of  the  cathode  metal 
becomes  understandable.  We  must  add  here  that  salts  that  were 
chemically  not  pure  were  used  for  the  electrolytes,  which  also  affected 
the  purity  of  the  resulting  cathode  magnesium,  althou^  some  purification 
of  the  salt  melt  occurred  in  tne  dehydration  from  the  anode  alloy. 

Further,  it  can  be  assumed  that  a  certain  portion  of  the  very 
fine  drops  of  anode  alloy  forming  in  dehydration  were  swept  along  by 
the  circulating  electrolyte  to  the  cathode  metal  and  contaminated  it. 

This  is  especially  clearly  seen  in  experiments  with  the  electrolyte 
No  32.  The  use  of  a  lighter  anode  alloy  containing  2Qf^  Cu  here 
resulted  in  an  imp'ority  content  in  the  cathode  metal  twice  as  high  S’S 
that  obtained  when  an  anode  alloy  containing  35?^  Cu  was  used  (See 
Table  2). 
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Nonetheleea,  in  experiments  we  conducted  the  totel  purity  of 
puri-ty  of  megnesium  following  electrolytic  refining  is  100-200% 
higher  than  the  original. 

TABLE  2 

Purity  of  Sathode  Magsesiim. 


rpo- 

ziirra 

(a) 

Cocras  sacKTpoaMTa, 

(b)  “c-  » 

Cu  » 
aHOXHOM 
coaaM, 
■ec.  % 

Ac) 

CpeAHce 

aHateHKe 

4,  •  » 

(d) 

Coxe^McajiHe  npMKCcefi.  bcc.  % 

BaCI, 

MgCI, 

KCl 

Nad 

Al 

• 

Fe 

Cu 

SI 

Hroro 

(f) 

12 

40 

60 

20 

96.83 

0.020 

0.006 

0.030 

0.056 

30 

10 

40 

25 

25 

35 

94^00 

0,023 

0.013 

0.0U 

0.047 

32 

10 

40 

— 

SO 

20 

89.20 

0,035 

0.019 

0,029 

— 

0.0S3 

— 

10 

40 

SO 

35 

87.43 

0.022 

0.007 

0.012 

0.041 

33 

20 

40 

30 

10 

35 

68^  g 

)c.ieau 

0.010 

0.015 

0.025 

40 

20 

40 

— 

40 

35 

84.87 

0.016 

0.006 

0,013 

0.035 

43 

30 

40 

— 

30 

35 

95.65 

0.020 

0.019 

caexu 

0.039 

HcxoahuA  MeTax.i— MarHHft  MapKH  MPl 

(FOCI  SW-iGJ 

(h) 

. 

0.020 

0,040 

0.01 

0.01 

9.080 

LEGEND:  a)  Electrolyte  No;  b)  Electrolyte  coapoaition,  weight 
%i  c)  Cu  in  anode  alloy,  weight  %;  d)  Mean  ralue  of  ,  %; 
e)  Content  of  iapurities,  weight  %;  f)  Total;  g)  Trace*8;  h) 
Original  aetal-aagnesiua  of  MG  1  grade  (GOST  804-56), 


Conclusions 

1.  The  highest  cvurent-based  cathode  yield  in  the  electrolytic 

refining  of  maggesiuci  vaa  obtained  for  a  cathode  current  density  of 
1.70  ampires/cm  ,  using  an  electrolyte  based  on  melts  of  the  system 
Mg  Clg-  KCl-Na  Cl, in  which  the  content  of  ''free''Mg  CI2  ^  -  KCl  is 

25-40  mole  %.  The  current-based  yield  is  the  M^ir  the  lower 

the  KCl:(Kci  -*■  Na  Cl)  ratio  in  the  electrolyte. 

2.  Additions  to  the  electrolyte  of  Ca  Cl^  and  Bs  Cl^t  besides 
increasing  the  specific  gravity  of  the  electrolyte,  have  a  positive 
influence  on  the  ciirrent-based  yield,  especially  in  melts  rich  in 
potassiuir.  chloride.  The  presence  of  Ba  Clg  in  electrolytes  free  of 
KCl  can  lead  to  a  certain  decrease  in  the  current -based  cathode  yield. 

5.  The  optimal  \'orking  tempera t'ore  of  the  process  of  electrolytic 
refining  of  magnesitua  is  approximately  680®, 
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EmACTIOM  OF  VANADIUH  FROH  CONVERTER  SLAG 
BY  THE  METHOD  OF  CHLORIMATIOM  IM  THE  MELT 

S.  A.  Aalrov,  V.  V.  Pechkovtkly,  R.  Kh.  Kurruiyev 

(?erm«k  Polycechnlca.l  Institute,  Chair  of 
the  Technology  of  Inorganic  Coopounda) 


The  existing  aethod  of  recovery  of  a  vanadlua  froa  converter 
slag  by  the  aethod  of  oxidative  roasting  with  sylvlnlte  has  several 
shortcoalngs ,  aalnly:  the  rotary  furnaces  used  for  roasting  are 
cuabersoae  and  of  low  productivity;  the  processes  of  leaching, 
filtration,  and  precipitation  are  periodic,  laborious,  and  involve 
auiRual  labor;  the  vanadlua  pentoxlde  obtained  is  contaalnated  with 
iaspurlties  and  cannot  be  used  without  refining  not  only  to  obtain 
ductile  aetalllc  vanadium,  but  also  as  raw  Material  for  chealcal 
production;  the  extent  of  vanidlua  recovery  Is  relatively  low;  such 
value  ccaponents  as  titanium,  chroalua,  and  others  are  Irretrievably 
lost  to  waste. 

Therefore,  the  need  of  Investigating  the  aethods  of  slag 
processing;  which  would  perait  not  only  an  Increase  In  the  recovery 
of  vanadluv,  but  also  allow  the  co^Iex  use  of  the  raw  suiter lal  Is 
evident . 

Considering  the  coap Heated  coi^»osition  of  slag  and  its 
elemental  content,  readily  forming  volatile  chlorides,  the 
chlorination  method  la  the  aost  advlsab}?  to  use. 

Host  metals  in  the  groups  IV  and  V  of  the  periodic  systea 
will  fora  volatile  chlorides  with  low  boiling  point  or  subliaatlon. 
This  property  has  already  been  need  for  extraction  of  aany  of  these 
aetals.  For  vsnadiua-containlng  aaterials  the  chlorination  aethod 
was  first  applied  by  Rhote  in  1885  for  proceaaing  vanadlnites.  The 
chlorination  of  Kufiaaklye  and  other  concentrataa  haa  bean  studied 
by  Krafll‘nikov.  M.K.  Sobolev  /l/  preeenta  data  on  the  chlorination  of 
slag  in  hydrochloric  acid  solutivc  to  dry  chlorine.  The  higheet 
extraction  of  the  venadiue  (94.9%)  has  been  reached  by  this  researcher 
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In  the  chlorination  of  uncalcined  slag  with  carbine  at  800°. 

Pokornyy  /2/  haa  studied  the  chlorination  of  lead-zinc  vanadites. 

Block  and  FerranCe  /2/  produced  vanadium  chloride  from  the 
chemically  pure  pentoxide  in  the  presence  of  gas  black.  Research 
on  chlorination  of  ferrovanadium  with  subsequent  purification  of  the 
crude  chloride  haa  been  conducted  by  Tayzek  and  Inglend  111 , 

Gropfhianu  and  Tribunescu  /3/.  Of  interest  also  ..s  the  work  of 
Capley  and  Roddy  /Kaple  and  Roddi/  /4/  on  the  preparation  of  the 
vanadium  pentoxide  of  high  purity  by  the  chlorination  of  "red  cake". 
Erlich  and  Seifert  151  have  dealt  with  the  chlorination  of 
vanadium-containing  materials  using  hydrogen  chloride.  As  to  the 
most  recent  work  one  should  note  research  on  the  chlorination  of 
converter  slag  in  a  fixed  layer  /6,7/  which  shows  the  possibility 
of  practically  complete  recovery  of  vanadium.  Fowley.Wood,  and 
Hawk  m  believe  that  reduction  of  the  corresponding  vanaditsa 
chloride  by  magnesium  is  the  basis  on  which  the  process  of  producing 
high  purity  vanadium  on  an  industrial  scale  must  be  developed. 

Several  years  ago  a  semi- industrial  production  line  of  ductile 
vanadium  by  reduction  from  VCI2,  which  was  produced  by  chlorination 
of  ferrovanadium  containing  807,  V  /8/  was  carried  out  in  Great 
Britain. 

In  considering  the  chlorination  process,  we  must  dwell  on 
methods  of  separating  the  chlorides  formed.  It  is  known  from  the 
literature  /9-11/,  that  the  vanadium  chlorides  VCI4  and  VOCI3,  which 
are  liquids,  are  unlimited  in  miscibility  both  among  themselves, 
as  well  as  with  the  chlorides  TiCl^,  CCI4,  FeCl2,  AICI3,  and  POCI3 
and  probably  can  be  divided  by  the  methods  of  distillation  and 
rectification.  VCl3,,a  crystal  under  ordinary  conditions,  is 
obtained  by  the  thermal  decomposition  of  the  vanadium  tetrachloride. 

From  a  survey  of  the  literature  it  follows  that  the 
chlorination  method  is  very  promising  for  the  recovexy  of  vanadium 
and  that  the  ductile  vanadium  and  its  pentoxide  obt: 'ned  through 
this  process  are  of  high  purity.  Hcvever,  until  recently  no 
rational  technology  of  vanadium  recovery  and  also  of  other  components 
from  converter  slag  has  been  proposed  with  indices  higher  than  the 
existing  technology. 

Many  others  have  tried  to  produce  raw  material  for  vanadium 
production  by  the  chlorination  of  expensive  ferrovanaditm.  In  the 
chlorination  the  low- intensity  and  expensive  process  of  the  fii.^d 
layer  charge  was  used,  here  almost  all  the  iron  was  calcined 
together  with  the  vanadium  chlorides,  contaminating  the  latter. If  one 
would  consider  that  the  iron  content  in  the  slags  is  three-four  times 
higher  than  that  of  the  vanadium,  then  it  is  obvious  that  such  a 
process  is  of  very  low  efficiency.  The  same  is  true  for  the 
"fluidized  layer"  process,  which  is  in  fact  in  this  case  technologically 
difficult  to  carry  out  /7/. 

These  shortcomings  can  be  solved  by  applying  the  method  of 
chlorination  of  material  in  the  melt  of  chlorides  of  alkali  metals. 
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Wc  kaov  fro*  the  literature  /12/  that  the  chloridca  of  iron  will  fom 
with  the  chlorldat  of  alkali  sctala  low-volatility  co^ioouda  of  the 
MaTaCU.  The  vapor  praaaura  of  the  tctraehlorferrate  of  alkali 
•etal  la  aany  tiaMa  lower  coaipartd  to  the  vapor  praaaura  of  binary 
chloridea. 

The  aiethod  of  chlorination  in  the  aalta  found  vide  application 
in  the  production  of  aagneaiaa  and  titanitaa  and  aucceaafully  competes 
with  the  awthod  of  chlorination  of  briquetted  charge.  This  process 
ia  technologically  easy  to  carry  out  and  ia  of  high  productivity. 

The  aia  of  this  report  la  study  of  the  conditions  of 
chlorination  of  converter  slag  in  the  aediua  of  aolten  chlorides 
of  alkali  laetals. 

Used  as  raw  tsatorial  for  the  experiiaents  was  converter  slag 
from  the  Chusovskly  Metallurgical  Plants  obtained  in  the  processing 
of  iron-ore  concentrates  of  the  Kachkaranskiy  deposit,  whose 
coBposition  is  as  follows  (in  weight  ^) :  11.07  V2OC;  6.0  Ti02;  31.6 

FeO;  2.2  Fe,ietall  3. 8  MnO;  20.7  Si02;  2.5  Cr203;  1.5  AI2  O3;  1.2  CaO; 
0.8  MgO. 

Petrographic  analysis  revealed  that  the  vein  alnera  logical 
constltuentes  of  slag  include  splnellide,  fayalite,  and  chrystoballite. 
Vanadiu*  is  contained  in  spinellide  (Fe,  Mn)  0* CV>Ti,Cr,Al,Fe)2  O3,  and 
is  also  observed  often  in  concretions  with  another  mineral  phase  — 
fayalite  (Fe,Mn,Ca,  Mg) 2  SiO^  and  is  present  in  the  slag  as  grains 
of  laminar  and  prisouitic  form  of  light-yellow  color.  Chrystoballite 
is  present  in  small  amount  and  will  form  colorless  laminar  graixzs. 
i^proxiautcly  3Z  is  hematite  and  glass.  The  grains  of  glass  are 
russet-colored, indicating  the  presence  in  it  of  ferrous  oxide. 
Individual  prismatic  crystals  are  observed  in  transmitted  light, 
of  clear  cleavage  and  red  Interference  color  of  the  first  order 

1.767) ,  which  can  be  grouped  as  metasilicates  of  the  (Fe,  Mn, 
CaTfl^ySlO.  type.  The  changes  is  the  staiuiard  isobaro- isothermal 
potential^ for  reactions  of  chlorination  of  the  main  constltuentes  of 
the  slag  have  been  calculated  for  the  600-1000^  teaqperature  range, 
which  is  shown  in  Table  1  and  Figure  1.  Ferrous  chloride  and 
vanadlia  trioxlde  are  appreciably  capable  of  being  chlorinated 
without  a  reducing  agent.  Under  these  conditions  the  formation  of 
a  vanadium  trichloride  is  the  most  probable  —  a  co^>ound  which  is 
practically  involatile.  Therefore,  the  separation  of  the  vanadium 
in  the  form  of  its  volatile  chlorides  (VCI4  and  VOCI3)  under  these 
conditions  is  of  low  probability.  In  the  presence  of  a  reducing 
agent  chlorination  of  the  oxides  of  the  vanadiiaa  and  iron  with  the 
formation  of  the  lover  chlorides  has  thexmodynanlc  advantages  when 
compared  with  Ti2  O3  and  Si02.  Even  though  the  chlorination  of  the 
last-named  compounds  in  the  presence  of  a  reducing  agent  is  also 
characterised  by  high  enough  negative  values  of  AH,  still  the 
decisive  factor  which  determines  the  practical  extent  of  chlorination 
of  the  various  oxides  and  the  possibility  of  the  formation  of  given 
vanadium  chlorides  is  the  kinetics-  of  the  processes  occur ing. 
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In  chlorination  in  the  melt  the  kind  of  processet  occurring  at  the 
interfaces  and  the  rate  of  removal  of  the  chlorides  formed  from  the 
melt  are  of  great  significance. 


TABLE  1 


Reactions  of  Chlorination  of  Oxides  in  Melts 


1 

2 

3 

4 

5 

6 
7 
6 

9 

10 

n 


4  v,o,+a,.  3-vcij+  4  o, 

4  V,Oj4a,  +  C=-3  VCI34CO 

1  121 

3  2  ^  ~  3 

+  +  ^  VC!^+|-CO 

TW+a,+|-c^'-va,+^co, 

3 VjO^+Clj +  3^003+5  Oj 

g-v,03+ Ci3+4c=  ^voa, -jI-co 

c4voa34co3 
Fe0-}CI,=FeCIj+l03 
FeO+C!j-fC=FcCl3+CO 


12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


1  I 

FeOrClj  1-2  C-FcCIj+  ^-CO, 

3Fe04a-4f^eCl3  +  3-03 

2  2  2  2' 

3  Fc04  CL  + 3 3  PcClj  FjCO 

2  4  2  I 

3  FcO  i  Clj-l  .^C=  3  FeCh  +  g  COj 

jTi,03  +  Cl3=-iT.a,+4  O, 

\  Ti,03  +  Cl,  44-  C  - 
J  11^034.0348  C  =  2TiCl,4|c-  >, 
2SiOj4Clj=  ^810^42-03 
JsiO,4CIj4C-  |^SiC1^4C0 
^SiO,4CI,4-2  €*-5810,4400, 


LEGEND:  a)  Reaction  No;  b)  Reaction 


KCl,  NaCl  of  chemical  purity  grade  were  used  in  the 
experiments.  Petroleim  coke  of  coarseness  <^50  microns  was  calcined 
without  access  to  air  at  800°  for  about  10  hours.  The  content  in  the 
coke  of  carbon  was  97. IZ,  volatile  —  0.38%,  and  ash  --  2.5%.  The 
granulometric  composition  of  the  slag  used  was:  -85  aicrons  --  97.4%; 
85  microns  — 1.2%;  100  microns  —  1.1%;  160  microns  0.2%. 

The  diagram  of  the  installation  for  chlorination  of  slag  is 
shown  in  Figure  2.  Chlorination  was  conducted  in  a  quartz  test  tube 
of  BOrnm  diameter  and  250mm  long  closed  by  a  rubber  cork,  and 
prevented  from  chloride  fxnses  by  a  teflon  film.  Passing  through  the 
cork  was  a  quartz  bubbling  tube  with  internal  diameter  =»  5!sm, and 
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Che  Cheraocouple  JeckeC.  The  bubbling  Cube  vee  lowered  Co  Che 
boCCOB  of  the  reecCion  veesel  In  «uch  a  taanner  ch«c  Che  chlorine 
entering  for  exit  froB  the  tube  vee  broken  up  cgelnet  the  bottoa  of 
the  veeeel  Into  tael I  bubbles. 


FIGURE  1.  Changes  in  standard 
iaobaric-isothennal  as  a  function 
of  temperature  for  reactions  of 
chlorination  of  the  oxides  of 
vanadium,  iron,  titanium,  and 
silicon. Numbers  under  the  curves 
correspond  to  reaction  numbers  in 


chlorination:  1-chlorine  cylinder; 
2-vessel  with  concentrated  H^SO. ; 
5-column  with  silicagel;  4-CaCl2 
tube;  5-' Rheometer  (filled  with 

(Legend  continued  below) 


Table  I.a  mixture  of  55  grame  KCl  and  45  grama  NaCl  was  loaded  into 
a  quartz  test  Cube,  which  mixture  was  them  melted  and  heated  at  700 
for  30  minutes  Co  remove  moisture.  Then  3  grams  of  slag  was  added 
sud  the  test  Cube  was  sealed  with  a  cork.  The  chlorine  was  supplied 
at  the  rate  of  10  I iters /hour. 

After  the  experiment  the  melt  was  poured  out,  ground  to 
powder  in  a  hand  mill  and  analyzed  for  V,  Ti,  Fe,  and  Si.  The 
vanadium  and  titanium  were  determined  with  sulfuric  acid  and 
photocolorimetrlc  methods.  Iron  was  analyzed  with  a  mercurometric 
method,  and  silicon  -*  a  sulfuric  acid  method  /IS/. 


concentrated  H^SO.):  6-Quartz  reaction  test-tube;  /-Absorbing  flask 
containing  25?^  HgSO^;  8-Abaorbing  vessel  containing  10^ 

Absorbing  vessel  containing  5^  10-Beaker  filled  with  iuper- 

satxirated  NaCl  solution;  11-Fumace;  12-Chromel-alumel  thermocouple; 
15-Hillivoltmeter 
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The  results  of  the  experiments  showed  that  vanadium  trioxide  and 
ferrous  oxide  are  chlorinated  at  700®  without  a  reducing  agent  and 
have  appreciable  yields  of  volatile  chlorides,  which  confirms  the 
thermodynamic  probability  of  these  reactions  taking  place.  Uhen 
chlorination  is  continued  for  120  minutes  the  recovery  of  a  vanadium 
amounts  to  11. OZ,  and  iron — 3.4Z.  Oxides  of  titanium  and  silicon, 
as  should  have  been  expected,  under  these  conditions  are  practically 
not  chlorinated  at  all.  With  increase  in  temperature  up  to  1000°  the 
recovery  of  a  vanadixim  and  iron  is  lower  still,  while  that  of 
titanium  and  silicon  remain  unchanged. 

The  degree  of  vanadium  and  titanlxm  extraction  as  a  function 
of  duration  of  experiment  at  700°  in  the  presence  of  a  reducing 
agent  is  shown  in  Figure  3. 


FIGURE  5*  Extent  of  recovery  of  vanadium  (l)  emd  of  titanium 
(2)  as  a  function  of  duration  of  experiment  at  700®. 

LEGEND;  a)  Recovery,  b)  Minutes 


The  carbon  content -was  40Z  of  the  charge  weight.  When  the 
experiment  lasted  90  minutes  the  extent  of  the  vanadium  recovery 
was  97.6%,  titanium  —  95.8%,  and  silicon  —  66.5%.  The  greater  part 
of  the  iron  (80.0%)  remained  in  the  melt. 

After  1-3  experiments  the  absorbing  solutions  were  poured  out 
and  the  quantity  of  vanadium  and  titanium  in  them  was  determined. 

On  balance  the  deficiency  in  vanadium  was  4.1%,  titanium  —  5.7%. 

When  the  temperature  was  increased  to  800  ,  as  we  can  see 
Figure  4,  the  extent  of  vanadium  and  titanium  extraction  increases. 
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At  higher  temperetareg  experiiaent*  could  not  be  ccnploted^  since 
gioi:urlttg  of  gleg  perticleg  vlth  the  test  tube  veils  is  observed. 

?he  extent  of  recoverj  of  vcnediuM  for  3G  ninutes  et  700° 
ea^  the  coeevegEttion  of  chlorine  et  the  retc  of  10  I  iters /hour 
eaoimted  to,  cs  related  to  pertlele  sire,  es  follovs:  •  ISO  alcrons 
--  74.3%,  +  250  -  500  microns  —  72.3%,  end  +  500  -  750  microns-” 
56.2%.  Consequently,  et  perticle  dimensions  ebove  500  microns  the 
extent  of  vesedivot  recovery  drops  sherply.  This  reduction  is 
determined  not  only  by  the  increese  in  surfece  conSect  of  particles 
with  the  ges,  but  also  by  the  settling  of  the  largest  pertlcles  on 
the  bottom  of  the  test  tube,  therefore,  it  is  necessary  to  apply  a 
slag  of  thin  consistency  (•  150  microns) . 


PIGUHE  4.  Extent  of  recovery 
of  vanadium  (l)  and  of  titanium 
(2)  as  function  of  temperature. 
Duration  of  experiment  *  50 
minutes.  LEGEND:  a)  Recovery 


FIGURE  5‘  Effect  of  slag  content 
in  melt  on  extent  of  recovery  at 
700®.  Duration  of  experiment  = 

50  minutes.  LEGEND:  a)  Recovery} 
b)  Slag  content  in  melt 


The  greatest  recovery  of  vanadium  was  achieved  at  a  slag 
content  in  the  melt  of  3-4%  (Figure  5) .  At  higher  slag  content  the 
extent  of  recovery  is  decreased  as  the  result  of  Increase  viscosity 
of  the  suspension. 

The  optimal  amount  of  coke  with  which  the  highest  recovery 
of  the  vanadium  and  titanium  is  achieved  averages  close  to  30%  of 
charge  weight  (Table  2) .  Further  increase  in  the  coke  content  does 
not  affect  recovery  of  vanadlun  and  titanium  and  only  slightly 
Increases  the  extraction  of  Iramand  silicon.  The  consusption  of 
carbon  was  taken  above  the  stoichiometric  amount  by  several  fold  due 
to  the  possibility  of  coke  being  removed  from  the  chlorination 

.  _ (b)  table  2 

Extent  of  Recovery  of  Slag  Con¬ 
stituents  as  a  Function  of  Coke 
Content  in  the  Charge  Heated  for 
50  Minutes  at  700®,  and  at  a 
Chlorine  Supply  Hate  of  10  liters/ 
hour 

LEGEND:  a)  Coke  content  in 
charge}  b)  Extent  of  recovery 


Coacp^mific 
vr.isi  K  iiiiixTC, 

•>. 

Cipncm.  latucscjnm.  %  \ 

V 

Ti 

Fe 

1 

Si  ! 

H 

13,5 

24.4 

5,3 

i.y 

25 

7:1.2 

75,8 

6.4 

4.3 

as 

74.4 

50.5 

y.6 

4I.I 

40 

74.a 

.10.0 

11.8 

45.6  ' 

45 

74,2 

.Sl.O 

lU 

4S.7  1 
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Increase  in  chlorine  constnsed  significantly  steps  up  the 
extent  of  vanadium  extraction.  Thus,  after  30  minutes  at  700^  and  a 
carbon  content  in  the  charge  of  40X  a  chlorine  feed  rate  of  5  liters/ 
hour  results  in  a  61.4%  recovery  of  the  vanau^jm,  at  a  c-hiorine  rate 
of  10  liters/hour  —  74.37i,  and  at  15  liters/hour  —  81,5%.  Taking 
into  consideration  that  in  all  these  experiments  a  chlorine  excess 
above  the  stoichiometric  amount  was  present,  this  influence  can  be 
explained  by  the  improvement  in  the  intensity  of  mixing  of  the 
suspension,  agitation  of  the  melt,  which  promoted  breaking  up  of  the 
gas  bubbles  and  improved  the  homogeneity  of  the  suspension.  When 
the  chlorine  was  diluted  with  nitrogen  /See  Note/  at  a  constant  gas 
mixture  feed  rate  of  10  liters /hour  the  vanadium  recovery  was 
reduced. 

(/NOTE/  The  nitrogen  was  freed  of  oxygen  following  a  method 
described  in  the  report  /i4/.) 

Thus,  if  for  pure  chlorine  the  extraction  of  vanadium  was 
74.3%,  then  for  a  chlorine  content  of  75  and  50Z,  the  recovery  was, 
respectively,  68.9%  and  61,8%.  The  extent  of  chlorine  use  here 
amounted  to,  respectively,  6.20  and  30%. 

The  absorption  of  chlorine  by  the  melt,  which  should  increase 
with  higher  partis!  pressure  of  chlorine  plays  an  essential  role 
in  the  mechanism  of  similar  processes.  Absorption  in  the  KCl-NaCl 
system  can  be  determined  even  by  a  small,  but  appreciable  solubility 
of  chlorine,  which  is  according  to  the  data  of  Yu.  M*.’  Ryabukhin  /15/ 
(Moles /cm^- 10 ');  KCl  —  10.40  at  848°;  NaCl  —  2.21  at  847  ,  and 
KCl-NaCl  mixture  (1:1)  --  7.0  at  850  . 

For  a  melt  of  an  equimolar  mixture  of  KCl  and  NaCl  the 
deviation  of  the  solubility  of  chlorine  from  the  additive  value  is 
Insubstantial. 

Based  on  the  concept  of  the  absorpcion  of  gases  by  a  liquid, 
the  resulting  dependence  of  the  extent  of  quality  in  use  on  its 
concentration  gaseous  phase  can  be  accounted  for  by  the  increase  in 
the  total  surface  of  absorption  during  the  experimental  period  with 
dilution  of  chlorine,  i.-  e.  the  specific  interface  surface  per  unit 
chlorine  weight  rises.  The  absorption  of  chlorine  can  possibly 
explained  elso  as  due  to  che  effect  of  the  melt  composition  on  the 
extent  of  vanadium  recovery.  Experiments  show  that  for  30 
minutes  at  700°,  a  coke  content  in  the  charge  of  40%  and  a  chlorine 
feed  rate  of  10  liters/hour  results  in  a  72.6%  recovery  of  vanadium 
at  a  40%  KCl  content  in  the  mixture,  74.3%  —  at  55%  KCl,  and  82.2% 

—  at  707.  KCl.  The  increase  in  vanadium  recovery  with  increased 
KCl  content  in  the  melt  can  be  explained  by  the  fact  that  the 
solubility  of  chlorine  in  molten  KCl  is  higher  than  in  molten  Had. 

To  a  certain  extent  the  viscosity  of  the  melt  can  also  have  some 
effect,  since  the  viscosity  of  molten  KCl  is  somewhat  lower  than  Chat 
of  molten  NaCl  /16/.  Given  constancy  of  temperature  and  invariability 
of  the  mechanism  of  reaction,  depending  on  the  composition  of  the 
melt,  and  increase  in  the  actual  viscosity  of  the  medium  lowers  the 
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Qiixuslon  coefficient,  resulting  in  «  reterdstion  in  m*§a  trensfer 
end  to  reduced  chlorlnetlon  rete.  The  enelyses  of  the  vanedlun 
chlorides  fonsed  conducted  by  the  method  of  infrared  absorption 
spectra  of  the  molecules  on  the  IKS‘12  instrueent  revealed  that  the 
vanadium  chloride  competmd  formed  is  present  practically  speaking 
only  as  the  hydroxy trichloride. 

In  conclusion,  it  is  necessary  to  note  that  in  the  present 
report  it  is  explained  only  the  fundamental  possibility  of  recovering 
vanadium  from  converters  slag  by  chlorination  of  the  melt.  This 
method,  however,  has  certain  defects,  related  to  the  high  iron  content 
in  slags,  which  con  necessitate  frequent  replenishment  of  the  melt, 
and  also  is  related  with  the  need  to  separate  the  mixture  of 
components  VOCl^-TiCl^  forming,  which  have  a  low  boiling  point 
difference. 

Further  research  is  projected  to  be  pursued  In  the  following 
areas:  study  of  the  methods  of  separating  iron  from  slags  and  the 
possibility  of  regenerating  chlorine  and  iron;  study  of  the  nature 
of  the  interactions  of  slag  components  with  the  melt;  separation  of 
the  VOCl^  -  TiCl,  mixture;  and  the  production  of  vanadium  tri¬ 
chloride  from  VOCj. 


CONCLUSIONS 

1.  The  possibility  is  shown  of  practically  complete  recovery  of 
■anadiua  and  titanium  from  converted  slag  by  chlorination  in  a  medium  of 

«olten  chlorides  cf  alkaline  metals. 

2.  The  e'tent  of  vanadium  and  titanium  recovery  is  established 

as  functions  of  duration  of  experiment,  teeperature ,  presence  of  reducing 
agent,  and  also  of  alag  particle  size,  rate  and  concentration  of  chlorine 
fed  into  the  gaseous  mixture,  and  melt  composition. 

3.  The  optimal  conditions  for  chlorination  of  slag  in  the  labora¬ 
tory  experiaenta  were  determined:  temperature  --  700-800°;  duration  of 
process  —  90  minutes;  and  carbon  content  in  the  charge  —  30%.  Here, 
the  recovery  of  vanadium  amounted  to  97-981;  titanium  --  95-96%;  sili¬ 
con  --  66-67%;  and  iron  --  20%, 

4.  It  has  been  established  that  in  the  chlorination  of  the  melt 
approximately  80%  of  the  iron  remains  in  the  melt. 


146 


LiTr-BATURE 


1.  Sobolev,  M.  N.,  Izvlechen^  vanadiya  i  tit&.na  iz  ural’skikh 

titanociague  ti  lov  (fiocovery  of  Vanadium  and  Titanium  from  Dial 
Tinanomagnetites ) ,  Scir. -Technical  Publ.  House,  1936. 

2 .  Izvlechen4i^  i  ochistka  reckikh  me  tall  ov.  Perevod  s  aagl . 
(Extraction  and  Purification  of  Rare  Metals,  translated  from 
English),  ed.  by  0.  P.  Kolchin,  Atomizdat,  I960. 

3«  Gropsianu,  Z.,  Tribunescu,  P. ,  Rev,  ehim.  No.  7-8,  3 
(1953). 

4.  Capley,  R.  E.  ,  Roddy,  I.  ••/.,  J_.  Less-Common  Metals,  v.  2, 

No.  1,  19b0. 

5*  Erlich,  ?.,  Seifert,  H.  I.,  J.  Anorj^an.  und  Allgea.  Chem., 

No.  5-6,  501  (1959). 

6.  Aairova,  S.  A.,  Pecliic-ovskiy ,  V.  V.,  Prokhorova,  V.  G. , 
Polotnyanshchikova ,  H.  I.,  NDVSh ,  Khimiya  i  kfaimicheskaya 
tekhnologiya  (Chemistry  and  Chemical  Technology),  No  2, 

398  (1959). 

7.  Amirova,  S,  A.,  Pechkovskiy,  V.  V.,  Prokhorova,  V.  G., 

Zueva,  N.  D.,  Ucheaye  -apiski  Peraskogo  Gosuniversiteta 
(Scientific  Notes  of  Perrask  State  Univ.),  Vol  XVII,  No  173 

(i960). 

8.  Rostoker,  U.,  Metallurgiya  vanadiya  (per,  s  angl.)  (Metallur- 
kr  of  Vanadium),  translated  from  English,  Moscow,  1959* 

9.  Morozov,  I.  S.,  Toptygin,  D.  la.,  Zh.  neorgan.  khiali  (Journal 
of  Inorganic  Chemistry),  Vol  1,  No  11,  1959* 

10.  Nisel’son,  L.  A.,  Sokolova,  T.  D.,  Zh.  neorgan.  khiaii^ 

Vol  lY,  No  7,  1645  (1961). 

11.  Markcv,  B.  F.,  Voitovich,  B.  A.,  Barabanova,  A.  S.,  Ukr. 
kfaia  zh.  (Ukrainian  Chemical  Journal),  No  5»  580  (196I). 

12.  Korshunov,  B.  G.,  Morozov,  I.  S.,  Ionov,  V.  I.,  Zorina, 

M,  A.,  Izv.  VUZ,  Tsvetnaya  metallurgiya.  No  5 ,  67  (i960). 

13.  Gillebrand,  V.  F.,  Lendel',  G.  Ye.,  Brait,  Q.  A.,  Gofaan, 
r.  1.,  Praeticheskoye rukovodstvo  po  neorganicheskomu 
unalizu  (Practical  Handbook  03  Inorganic  Analysis ) , 
Goskbimizdr.t ,  Hosrow,  1957. 

14.  Karyakin,  Yu.  V.,  Angelov,  i,  I.,  Chistyy’e  khiaicheskiye 
reaktivy  (Pure  Chemical  Reagents),  Goskhimizdat,  1955* 

15*  Ryabukhin,  Yu.  M.,  Zh.  neorgan.  khimii  (Journal  of  In¬ 
organic  Chemistry),  Vol  VII,  No  5.  1101  (1962). 

16.  Strelets,  Kh.  L.,  Taits,  A.  Yu.,  Tuiyani tskiy ,  B.  S., 
Metallurgiya  aagniya  (Metallurgy  of  Magnesium), 

Metaliurgizdat,  Moscow,  i960. 


147 


Received  by  Editor 
17  December  1962 


ELSCTRODEPOSITICII  OF  BISMUTH 
FROM  PERCHL(3!IATE  SOLUTIOMS 

V.  M.  Kochegarov,  Ye,  A.  Zyablov 

(Taganrog  Radio  Engineering  Institute,  Chair  of  Chemistry) 


Bismuth  films  obtained  by  an  electrochemical  method  can  be  of 
much  interest  in  the  radio  engineering  industry  for  use_a8  electrical 
contact  on  semi-conductor  surfaces.  Several  studies  /l-^/  deal  wi^;h 
the  etectrochemical  isolation  of  bismuth  from  its  solutions,  although 
the  technology  and  conditions  of  the  electrolysis  of  obtaining  high- 
quality  bismuth  film  cannot  be  considered  as  sufficiently  advanced. 
Accordingly,  studies  in  this  area  are  of  both  practical  and  theoretical 
interest. 

The  present  article  presents  results  of  an  Investigation  of  the 
electrodeposition  of  bismuth  from  perchlorate  solutions.  Csthode  polar¬ 
ization  and  current-based  bismuth  yield  was  studied  as  a  function  of 
concentration  of  metal,  temperature  of  solution,  and  current  density. 

Solutions  (1*3)  were  investigated  with  blsanith  perchlorate  con¬ 
centrations  (in  moles/liter)  of  0.01,  0.05,  0.1,  0.25,  and  0.38,  as  well 
as  free  perchloric  acid  present  at  a  2  moles/liter  concentration  in 
each  of  these  solutions. 

Bismuth  perchlorate  was  obtained  by  dissolving  freshly  prepared 
bismuth  hydroxide  in  hydrochloric  acid  followed  by  gentle  heating.  All 
the  chemical  reagents  were  of  the  chemically  pure  grade,  and  the  solu¬ 
tions  were  prepared  with  deionized  water.  Then  the  corresponding  solu¬ 
tions  with  the  same  concentration  of  BCIO4  (2  moles/liter)  were  prepared 
from  a  solution  of  elevated  bismuth  concentration  (about  0.4  mole/liter) 
by  dilution.  The  amount  of  solution  in  the  glass  electrolyzer  was  always 
the  same  (200  ml).  Copper  disks  5  cm^  served  as  cathodes.  Rods  of 
metallic  bismuth  were  used  as  anodes.  Quantitative  determination  of 
bismuth  in  the  solution  was  done  by  the  weight  method  /sj. 

Polarization  curves  were  recorded  for  the  Indicated  solution  by 
the  compensational  method  j/77  at  20,  40,  and  50^  using  a  thermostat 
with  an  accuracy  of  +0.5*^.  The  reference  electrode  was  a  saturated 


148 


colonel  electrode.  I’he  values  of  the  electrode  potentials  were  calcu¬ 
lated  on  the  hydrogen  scale. 

After'  recording  polarization  curves  for  all  the  solutions  elee-^ 
trolysis  was  carried  cut  and  the  current-based  yields  were  measured  in 
solutions  3,  4,  and  5  at  three  temperatures. 

In  the  figure  are  displayed  the  polarization  curves  recorded  for 
five  solutions  at  a  temperature  of  20^. 

As  we  can  see  from  the  figure,  the  stationary  electrode  potential 
of  bisaiuth  in  the  solutions  inve8tj.g;ated  is  in  a  rangi*.  of  potential 
values  close  to  those  calculated  2^/*  Appreciable  polarization  is 
observed  on  the  polarization  enrves  even  in  relatively  highly  concen¬ 
trated  solution.  When  the  current  density  in  these  solutions  with  low 
metal  concentration  is  increased,  diffusion  effects  begin  to  be  mani¬ 
fest,  which  lead  to  the  appearance  of  a  limiting  current  and  to  a  very 
decided  shift  in  the  electrode  potential  in  the  region  o'  the  electro¬ 
negative  values,  l.e.,  the  appearance  of  concentration  polarization. 

At  low  current  densities,  polarization  is  almost  totally  Independent 
of  the  concentration  ‘;'>f  the  metal  and  in  all  solutions  is  practically 
Identical.  Thus,  the  Independence  of  polarization  from  metal  concen¬ 
tration  indicates  that  it  is  not  caused  by  diffusion  effects. 


FIGURE.  Cathode  polarization  curves  for  solutions  1-5  at 

20“.  2 

LEGEI^D:  a)  amp/decimeter  ;  b)  Volt 


In  the  literature  _/5_/  it  has  already  been  observed  that  the  pre¬ 
cipitation  of  bismuth  from  perchlorate  solutions  is  limited  by  crystalli¬ 
zation  polarization.  It  appears  to  us  that  polarization  in  the  precipi¬ 
tation  of  bismuth  is  caused  by  a  peculiarity  of  the  ch.^lca!  bond  ln_the 
blamuth  crystal.  Due  to  the  complicated  atructute  af  bismuth  £9,  1£/ 
covalent  bonds  appear  along  with  the  metallic  in  the  crystal.  The  appear¬ 
ance  of  a  covalent  bond  apparently  hampers  the  formation  of  a  bismuth 
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cryftili  “hieh  thss  require*  «tt  addition*!  energy  of  activation  expressed 
in  increased  electrode  potential. 

Aa  experiJMnta  have  shotfn»  the  yield  of  biaomth  in  teru  of  cur¬ 
rant  vithin  vide  current  density  ranges  (fro*  0.5  to  5  mp/car')  at  three 
ten^eratures  was  practically  equal  to  lOOZ  (varied  froa  99.5  to  lOOZ) 
which  is  confirmed  by  the  shape  and  position  of  the  polarization  curve. 
These  yields  are  located  in  regions  of  electropositive  potential  values. 
The  temperature  of  the  solution  also  does  not  change  the  current-based 
yield.  However,  the  conditions  of  electrolysis  diversely  affect  quality 
of  the  precipitate.  At  low  current  densities  the  precipitates  are  pro¬ 
duced  loose  end  non-uniforo  on  the  cathode  surface.  Extremely  high 
current  densities  lead  to  the  formation  of  dendrite-like  and  loose 
deposits.  It  has  been  found  that  the  most  optimal  conditions  leading 
to  the  precipitation  of  the  uniform,  semi-brilliant, ^and  compact 
deposits  Include  current  density  equal  to  2-3  amp/cm  and  a  solution 
temperature  of  20°.  Precipitates  obtained  under  these  conditions  are 
of  high  quality  and  good  cohesion  with  cathode  surface.  They  are  also 
readily  obtained  on  the  semi-conductor  surfaces.  With  the  sedimentation 
on  the  surface  on  p-germanium  and  p-silicon  an  ohmic  contact  will  be 
formed.  On  surfaces  of  p-germanium  and  p-slllcon  bismuth  films  will 
form  rectifying  contacts.  These  studies  will  be  presented  in  a 
separate  article. 

Conclusions 


1.  Cathode  polarization  Is  observed  in  the  separation  of 
bismuth  from  perchlorate  solutions.  A  suggestion  is  made  as  to  the 
cause  of  crystallisation  polarization  in  the  separation  of  bismuth. 

2.  The  composition  of  the  solution  and  electrolysis  conditions 
are  recoaa&ended  for  obtaining  bismuth  film  on  semi-conductor  surfaces. 


The  solution  composition  (  in  grams/liter)  is;  70 
200  HCIO^I  D,  =•  2-3  amp/cm  >  solution  temperature 
anodes  (bismuth  rods) . 


100  51(0104)3 

20°;  soluble 
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ADSORPTION  OF  GASES  ON  URANIUM  MIXED  OXIDES 
V.  G.  Vlasov,  V.  M.  Zhukovskiy,  A.  G.  Lebedev,  V.  N.  Shalaginov 

(Ural  Polytechnical  Institute) 


Reactions  of  indirect  reduction  of  oetal  oxides  include  as 
the  intermediate  links  acts  of  adsorptiot\_cf_the  reducing  agent  gas 
and  desorption  of  Its  oxidation  product  ^1-0/.  Therefore,  of  much 
interest  is  a  comparison  of  data  on  the  sorbability  of  gases  on  the 
surface  of  oxides  and  the  kinetic  characteristics  of  the  reduction 
of  the  latter. 

In  this  report  a  study  is  made  of  the  adsorption  of  the  gases 
H2)C0,  NH3,  N2«  CO^,  H2O  on  uranium  mixed  oxide.  The  results  are 
compared  with  data^on  the  reduction  kinetics  of  this  oxide. 

Uranium  m^ed  oxide  used  in  the  investigation  had  a  specific 
surface  of  2.5  m^/g  and  a  density  of  8.34  g/cm*.  The  chemical 
composition  precisely  corresponded  to  the  formula  U3  Og.  The  quantity 
of  impurities  from  spectral  analysis  amounted  (  in  %) ;  K  ~  1.4*10'*  ; 

Na  -  1.2*10**^;  Ca  -  1.0*10*^;  Mn  -  l.i*l0"^;  Fe  -  1.6  •  10"^;  Si  ^ 
3.1*10”^;  Cu  -  2.8*10“^;  Al  -  1.3*10'-^;  Ki  <.2*10"'’;  Cr  <  I-IO"-^. 

The  original  salt  used  in  obtaining  this  oxide  was  uranyl 
nitrate  UO.  (NO  ).  '6  H  0.  It  underwent  oxalate  and  peroxide 
purifications  7473/  as^the  results  of  which  uranism  peroxide  UO^’n 
H2  0  was  produced.  Then,  by  decomposition  of  the  peroxide  in  a 
stream  of  oxygen  at  330*^  for  four  hours  followed  by  heat  treatment 
for  an  hour  at  400^  uranium  trioxide  was  obtained  /6/.  This 
compound  was  reduced  with  hydrogen  at  800°  to  uranium  dioxide.  Final lyi 
the  dioxide  was  oxidized  in  air  at  550°  for  five  hours  down  to  uranium 
mixed  oxide. 

The  equipment  for  measuring  the  adsorption  of  gases  is  similar 
to  that  described  in  the  report  /7/.  It  has  the  following  main 
characteristics:  the  volisse  of  the  working  part  of  the  system, 
defending  on  the  gas  pressure,  varies  within  the  l;toits  of  30  -  36 
cm^.  The  volume  of  the  reaction  vessel  is  22.8  cm^.  Gas  is  admitted 
into  the  reaction  space  by  sieans  oi  a  gas  burette  with  an  0.02  cm^ 
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scale  division.  The  gas  pressure  is  measured  by  a  U-shaped  closed 
manonieter  to  an  accuracy  of  -fO.San  Hg.  An  electric  tubular  oven 
is  used  in  heating.  The  temperature  was  held  to  a  precision  of  +  2^. 

Hydrogen  was  obtained  in  the  Kipp  apparatus;  gaseous  nitrofen 
—  by  evaporation  of  liquid  nitrogen.  There  gases  were  freed  frow 
traces  of  oxygen  by  passage  through  a  column  containing  activated 
copper.  Traces  of  moisture  were  trapped  in  a  liquid  nitrogen- 
cooled  trap.  Carbon  monoxide  was  prepared  by  decomposition  of  formic 
acid  with  concentrated  sulfiiric  -acid  /8/.  Annonia  and  carbon 
dioxide  were  taken  directly  from  cylinders.  Before  being  admitted 
into  the  reaction  space  the  last  three  gases  were  cleaned  through 
schemes  recommended  by  Brauer  /$/. 

The  portion  of  uranium  mixed  oxide  in  each  experiment  amounted 
to  3Q.4  grams,  which  corresponded  to  a  total  oxide  surface  of  96m^. 

After  preliminary  evacuation  to  high  vacuum  (residual  pressure  10“^  - 
10“^  mm  Hg)  of  the  oxide  sample-containing  reaction  section,  heated 
to  200-250°,  the  adsorption  vessel  was  cooled  to  room  temperature  and 
a  certain  quantity  of  gas  admitted  into  it. 

The  gas  pressure  at  the  moment  of  attainment  of  adsorptive 
equillbritsD  was  measured  by  the  manometer.  Then  the  temperature  was 
increased  to  the  next  level  set  for  the  experiment  and  a  new 
measutement  was  made.  After  measurements  throughout  the  entire 
temperatu,:e  range  of  interest  the  adsorption  vessel  was  again 
cooled  to  room  temperature.  It  must  be  noted  that  the  gas  pressure 
.lere  established  always  precisely  coincided  with  the  pressure 
existing  at  the  initial  equi.'.ibrium  at  room  temperature.  Hence, 
equilibrium  was  reached  from  two  sides,  evidencing  the  presence  of 
true  thermodynamic  equilibrium.  Then  a  new  portion  of  gas  was  added 
to  the  system  and  the  experiment  was  repeated.  The  quantity  of  gas 
adsorbed  was  calculated  in  micro-moles  per  square  meter  of  surface 
oxidized. 

The  adsorption  of  the  water  vapor  was  determined  by  a  weight 
method  in  a  device  used  fo£  kinetic  studies,  raonotypical  with  that 
described  in  the  reports  J9,  10/.  It  is  clear  from  Figure  1  that  the 
adsorbability  of  hydrogen  is  low.  Present  on  the  isobars  of  hydrogen 
adsorption  are  minima  lying  approximately  at  +50°.  Below  f50o  increase 
in  temperature  is  accompanied  by  decrease  in  hydrogen  adsorbability, 
while  for  temperatures  above  50°  —  increase.  It  follows  from  this* 
data  that  at  low  temperatures  adsorption  of  hydrogen  on  the  surfaces 
of  uranium  mixed  oxides  occurs  with  the  evolution  of  heat,  but  at  tem¬ 
peratures  above  +50°  —  with  absorption. 

The  adsorbability  of  carbon  monoxide  on  uranium  mixed  oxide 
(Figure  2)  is  an  order  of  magnitude  near  the  adsorbability  of  hydrogen. 

A  difference  consists  in  the  fact  that  with  increase  in  temperature,  a 
continuous,  although  small,  decrease  in  the  amount  of  carbon  monoxide 
adsorbed  is  also  found. 

Comparison  of  the  data  of  adsorbability  of  water  vapor  and  carbon 
dioxide  on  uranium  mixed  oxide  (Figures  3  and  2b)  shows  that  water  vapor 
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FIGURE  1.  Adsorption  isobars  of  hydrogen  (a),  ammonia  (b) 
and  nitrogen  (c).  Pressure  (mm  %):  1  -  50;  2  -  100; 

3  -  200;  4  -  300;  5  -  150;  6  -  250;  ?  -  350.  LEGEND: 
a)  Mole*10-Vm2. 


is  sorbed  In  significantly  large  amounts  compared  with  carbon  dioxide. 
If  at  the  pressure  Pco2  =  50  am  Hg  and  200°,  the  adsorbability  of  CO2 

on  0303  becomes  so  low  that  it  was  difficult  to  measure  while  the 
adsorbability  of  steam  continued  to  remain  extraordinarily  high  even 
at  Ph20  =  10  tom  Hg  and  tea5>erature8  of  200-500°. 


FIGURE  2.  Adsorption  isotherms  of  carbon  monoxide  (a),  and 
carbon  dioxide  (b),  1  -  20°;  2  -  50°;  3  -  100°;  4  -  150°; 
5  -  200°. 


The  results  of  studying  adsorption  of  aanonia  are  shown  in  Figure 
lb.  Anoonia  is  adsorbed  in  amounts  approximately  1  order  of  magnitude 
larger  than  for  hydrogen  and  carbon  monoxide.  Its  adsorbability  increases 
with  increasing  prestare  and  decreasing  teiqierature . 
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Under  the  conditions  studied  nitrogen  was  adsorbed  on  uranii:in 
mixed  oxide  in  relatively  small  amounts  (cf  Figure  Ic) .  The  adsorba- 
billty  of  nitrogen  in  order  of  magnitude  is  comparable  with  the 
adsorbability  of  hydrogen,  but  in  contrast  to  the  latter,  it  steadily 
decreases  with  increase  in  temperature  and  at  Pjj2  '  100  lam  Hg,  and  a 

temperature  above  150°  it  becomes  so  small  that  the  method  we  adopted 
does  not  permit  its  detection.  This  last  fact  is  in  good  agreement  with 
the  e3q>erimental  data  on  the  kinetics  of  the  reduction  of  uranium  oxides 
b^  hydrogen  and  by  a  nitrogen-hydrogen  mixture.  It  is  shown  in  the  report 
/n/  that  the  reduction  of  the  nitrogen-hydrogen  mixture  practically  speak 
ing  is  not  distinguished  from  reduction  by  pure  hydrogen.  Nitrogen  here 
plays  only  the  role  of  an  inert  diluent,  having  no  effect  on  the  mechanism 
of  reduction. 


FIGURE  3«  Adsorption  isobar  of  hydrogen  vapor  at  P_ 
10  mm  Hg.  LEGEND:  a)  Mole-10“Vffl^.  ^ 


Comparison  of  results  of  investigating  the  adsorption  of  hydrogen 
and  carbon  monoxide  on  uranium  mixed  oxides  shows  that  the  adsorbability 
of  these  gases  in  relation  to  U308is  close  to  one  another. 

Therefore,  if  one  were  to  consider  this  factor  only,  one  could 
expect  similar  kinetic  features  in  the  reduction  of  uranium  mixed  oxide 
by  hydrogen  and  carbon  monoxide,  the  more  so,  since  thermodynamically 
the  reducing  ability  of  these  gases  relative  to  U30g  are  also  very  close 
tc  each  other  /1^7. 

However,  we  must  consider  the  following  facts.  As  a  result  of  a 
chemical  act  of  reduction  molecules  of  water  vapor  or  carbon  dioxide 
will  be  formed,  which  are  retained  for  some  time  by  the  adsorptional 
centers  of  the  surface  oxidized  and  thereby  temporarily  leave  the  reac« 
tive  arena  of  the  active  surface.  It  was  earlier  shown  that  the  adsorb¬ 
ability  of  water  vapor  is  considerably  higher  than  that  of  carbon  dioxide. 
Hence,  we  can  expect  that  the  inhibiting  effect  of  carbon  dioxide  is  low, 
and  that  water  vapor  must  significantly  hamper  the  reduction  of  uranium 
mixed  oxides. 

In  previous  experiments  we  established  that  the  reduction  of  U30g 
by  carbon  monoxide  begins  to  occur  at  a  marked  rate  already  at  250°,  while 
St  450°  the  final  product  of  coo^osition  UO2.06  produced  in  50  minutes 
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of  reduction.  At  the  seae  t-iaife  the  redaction  of  U3O8  by  hydrogen  only 
coMMincee  at  450^  and  the  furtheat  reduced  product  ia  of  the  cocBpoRltion 
U02.8»  although  it  waa  obtained  at  700^ 

^  The  inhibiting  effect  of  ateaa  la  alao  revealed  in  the  report 

/I37.  The  inhibitory  effect  of  the  reaction  product  on  the  rate  of 
uraniua  aixad  oxide  reduction  under  conditiona  In  vhlch  the  syatea  Is 
far  from  equilibrium,  ia  in  goc'd  agreement  with  both  representations 
of  the  ndsorptionally  catalytic  theory  of  reduction  /I,  Being 

adsorbed  on  the  active  centers  located  chiefly  at  surface  defects  of 
the  crystal  lattice,  the  water  vapor  blocks  the  centers  and  thus  impedes 
access  of  the  reducing  agent  to  the  reactive  surface. 

The  significant  adsorbability  of  water  vapor  on  uranium  mixed 
oxides  established  in  our  work,  especially  at  low  temperatures,  is 
correlated  with  the  results  of  kinetic  studies:  the  inhibitory  action 
of  water  vapor  is  the  greater  the  lower  the  reduction  temperature. 

Data  on  the  adsorbability  of  nitrogen  and  ansnonia  are  also  in 
agreement  with  the  results  of  kinetic  research  on  the  reduction  of 
uranium  mixed  oxide  by  ammonia  /147. 

In  thla  report  the  assxssption  was  made  that  the  slowest  stage, 
limiting  the  reduction  of  U30g  as  a  whole  is  one  of  the  stages  of  the 
decooqposition  of  anaaonla  on  the  surfaces  of  the  reduced  oxide,  namely 
--  the  desorption  of  nitrogen  in  the  gas  stage.  The  adsorbability  of 
nitrogen  on  uranium  mixed  oxide  at  the  reduction  temperatures  is  van*- 
iahingly  small,  whereas  the  adsorbability  of  ammonia  is  very  significant. 
As  a  raault  of  the  acts  of  adsorption  and  dissociation  of  ammonia  on 
the  oxide  surfaces  atomic  hydrogen  and  nitrogen  appear,  retained  by 
the  adsorptional  centers  of  'the  surface  layer  of  the  oxide.  Hydrogen 
la  apparently  localized  near  the  oxygen  ions.  As  far  as  the  nature 
of  the  adsorptional  centers  on  which  nitrogen  ia  sorbed  is  concerned, 

It  is  still  vague.  In  all  probability  the  role  of  these  centers  may 
be  fulfilled  both  by  ions  of  the  metal  (U^ ,  as  well  as  by  oxygen 
ions. 

Interaction  between  the  adsorbed  hydrogen  and  oxygen  of  the 
oxide  is  accompanied  by  the  transition  of  hexavalent  uranium  to  quadri¬ 
valent.  The  rate  of  thla  transition  is  proportional  to  the  concentra¬ 
tion  of  the  electrons  in  the  lattice  of  the  reduced  oxide,  as  well  as 
in  the  field  of  the  ions  present  in  the  surface  layer  and  capable 
of  sharing  in  the  reaction.  The  concentration  of  free  electrons  depends 
mainly  on  the  progress  of  the  reaction: 

^  ^  *  •  » 

O'  on  r; 

OH  -  H,„-  H,0„, 

l.e. ,  it  is  detezmined  by  the  nusiber  of  oxygen  centers  reacting  with 
hydrogen.  We  can  also  expect  that  nitrogen  adsorbed  on  the  centers 
will  binder  their  reaction  with  hydrogen.  More  precisely,  only  those 
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oxygen  iou3  which  are  free  of  nitrogen  will  enter  into  reaction  with  th^ 
adsorbed  hydrogen.  Therefore,  the  number  of  center*  0^"  and  W!“  capable 
of  interacting  with  hydrogen,  and  consequently,  also  the  concentration 
of  the  free  electrons  are  evidently  determined  by  the  rate  of  desorption 
of  nitrogen  fr-xa  the  surface  of  the  uranium  mixed  oxide. 

On  the  other  hand,  adsorption  of  nitrogen  on  the  metal  ions  can 
impede  the  reduction  reaction,  reducing  the  number  of  capable  of 
participating  in  the  reaction.  The  last  quantity,  in  its  turn,  is  alio 
determined  by  the  rate  of  desorption  of  nitrogen  from  the  oxide  surface. 
And  since  this  state  ia  slowest,  then  it  also  determines  the  overall 
fate  of  reduction. 


CONCLUSIONS 

1.  Adsorbability  of  hydrogen,  carbon  monoxide,  ammonia,  nitrogen, 
carbon  dioxide,  and  water  vapor  on  uranium  mixed  oxide  is  studied  at 
elevated  temperatures. 

2.  A  correlation  is  established  between  the  data  of  adsorbability 
of  gases  and  the  results  of  studies  made  of  the  kinetics  of  uranium  mixed 
oxide  reduction  by  hydrogen,  a  nitrogen-hydrogen  mixture,  ammonia,  and 
carbon  monoxide. 
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ELECTROCONDUCTIVITY  IN  THE  UO^  -  C  SYSTEM 

Ye.  V,  Tkachenko,  A.  D.  Keuymin,  V.  G.  Valasov 
and  V.  N.  S trekalovskiy 

(Ural  Poly  technical  Institute) 


Use  of  the  measurement  of  electroconductivity  for  con¬ 
trolling  chemical  reactions  in  oxide  systems  is  not  new.  For 
example,  it  has  been  used  in  studying  the  oxidation  of  metals 
/!/,  their  dissociation  /2,3/,  their  reduction  by  gaseous  A, 5/ 
and  solid  reducing  agents  /6/ .  The  advantage  of  the  method  is 
its  high  sensitivity  to  small  structural  changes  arising  due  to 
external  factors:  temperature,  pressure,  and  ongoing  chemical 
processes. 

In  the  measurement  of  electroconductivity  of  the  oxide- 
carbon  mixture  it  is  necessary  to  select  for  investigation  the 
temperature  range  in  which  the  electroconductivity  of  carbon 
will  be  constant.  It  is  known  that  the  electrical  conductivity 
of  the  several,  forms  of  carbon  increases  to  a  temperature  of 
300*^  and  remains  approximately  constant  to  600°,  in  then  de¬ 
creases  /6,7/.  Therefore,  if  one  were  to  study  the  reaction  of 
a  metal  oxide  with  carbon  within  the  temperature  range  of,  for 
instance,  400  -  500°,  then  the  method  of  measuring  electrocon¬ 
ductivity  can  be  applied  with  sufficient  accuracy  /6/ .  This 
feature  is  of  special  importance  due  to  the  fact  that  elucida¬ 
tion  of  the  mechanism  of  one  of  the  most  complicated  reduction 
processes  —  reduction  of  metal  oxxdes  at  low  temperatures  — 
suffers  from  insufficient  experimental  data  and,  chiefly,  limited 
numbers  of  research  methods. 

In  this  report  the  measurement  of  electroconductivity  is 
used  to  study  the  process  of  reduction  of  uranium  trioxide  UOj 
by  solid  carbon.  Kinetic  and  roentgenographic  studies  of  this 
process  are  described  in  our  reports  /8,9/,  from  which  it  fol¬ 
lows  that  an  appreciable  interaction  of  uranium  trioxide  with 
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•c«t7l*n«  black  ia  observed  at  approximately  40Q®^  and  rsactios 
wLtB  graphite  —  close  to  430®;  the  formation  of  uranium  mixed 
oxide  begins  at  an  oxygen  content  corresponding  to  the  com¬ 

position  UO2  02^ •  The  temperature  at  the  onset  of  noticeable 
dissociation* or  TJO^  in  vacuum  is  within  the  limits  of  420  -  430® 
/10,ll/  and,  thus,  it  ia  very  close  to  the  temperatures  of  begin- 
reaction  of  U0>  with  carbon,  determined  by  us  kinetically* 
Therefore,  of  greatest  interest  for  research  is  the  role  of  dis¬ 
sociation  in  reduction.  Also  of  interest  is  the  question  of  the 
onset  of  formation  of  the  ^^Og  phase,  since  for  uraniim  oxides 
apparently  the  method  of  electroconductivity  measurement  can  be 
more  sensitive  than,  for  instance,  the  roentgenographic  method. 

Uranium  trioxide  was  prepared  by  heat  treatment  of  uranium 
perhxide  /12/.  Its  specific  gravity  is  5*95  g/cm^,  and  its 
specific  surface  13  m^/g.  X-ray  phase  analysis  has  revealed 
that  the  resulting  UO^  is  amorphous.  Used  as  the  reducing  agent 
was  spectrally  pure  graphite  from  the  Kudinovskiy  Electrocarbon 
Plant  and  acetylene  black,  previotisly  treated  as  described  in 
the  studies  /8,9/.  Tablets  10  an  in  diameter  and  3-4  mm  in  height 
are  prepared  from  a  thoroughly  ground  mixture  of  U2®3  carbon  pre¬ 
pared  by  pressing  under  a  pressure  of  2500  kg/cm* .  In  order  to 
insure  the  reliability  of  the  electrical  contacts,  films  of 
powdered  silver  are  pressed  on  the  faces  of  the  tablets,  then  they 
are  placed  in  a  special  cell  (Figure  1)  and  secured  between  plati¬ 
num  sheets  which  are  in  contact  with  platinum  leads.  Electrical 
conductivity  is  measured  by  means  of  an  alternating  current  bridge 
at  a  frequency  of  3000  cps  with  an  electronic  oscillograph  serving 
as  a  null-instrument.  The  bridge  circuit  is  similar  to  that 
described  in  the  study  /13/ •  Heating  is  carried  out  at  a  rate 
of  250  4eg/bour  in  an  electric  furnace.  The  temperature  is  sus¬ 
tained  to  a  precision  of  a  3®.  The  experiments  are  carried  out  in 
vacuum  with  continuous  evacuation  (residiial  pressure  s  10~^  mm  Eg). 

Since  the  amount  of  carbon  will  strongly  affect  the  value 
of  the  electrical  conductivity  of  the  oxide-carbon  mixture,  the 
experiments  were  conducted-  with  a  reducing  agent  content  of  4.5 
and  1.4  weight  percentage,  which  corresponds  to  the  stoichiometric 
amount  of  carbon  required  to  reduce  UO3  to  UO2  and  to  U30g,  respec¬ 
tively.  It  should  be  noted  that  at  a  reducing  agent  content  of  20^ 
"bridgclcts”  were  formed  and  the  experiments  were  not  subject  to 
control  by  means  of  the  method  described.  Phase  X-ray  analysis 
was  conducted  using  the  Debye-Sherrer  method.  Powder  diagrams  were 
obtained  with  copper  radiation  under  tube  operating  conditions  of 
l4  milliamps,  30  kv,  in  RKD  chambers  of  57.3  mm  diameter. 

It  is  known  that  UO3  is  a  n-type  semiconductor  /13,  14/. 

The  electrical  conductivity  of  the  semi-conductor  oxides  varies  not 
only  with  temperature,  but  also  depends  on  their  structure  and 
chemical  composition.  Therefore,  according  to  the  change  in  the 
electrical  conductivity  of  the  samples,  it  is  possible  to  control 
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the  state  of  the  oxidized  semiconductor  effectively  in  its  reac¬ 
tion  with  the  reducing  agent. 


FIGURE  1.  Diagram  of  the  cell  for  measuring  electrical  resis¬ 
tance.  1  -  Tablet  of  original  sample:  -  Platinum  sheets; 

3  -  Thermocouple  soldering;  4  -  Two-channel  alundum  tube 
containing  thermocouple;  5  -  Alundum  rod;  6  -  Cylinder  of 
heat  resistant  alloy;  7  -  Screen  made  of  asbestos-cement; 

8  -  Outlet  to  vacuum  pump;  9  -  Alundum  tube;  10  -  Platininn 
current  leads;  11  -  Quartz  test  tube;  12  -  Steel  springs; 

13  -  Spring  holder;  Ih  -  Quartz-  test  tube;  15  -  Bitimin; 

16  -  Rubber  stopper.  LEGEND:  a)  To  potentiometer. 

Figure  2  presents  the  results,  in  the  coordinates  Ig 
1/T,  based  on  leoperature  variation  of  electrical  conductivity  of 
both  pure  UO^  (curve  A)  as  well  as  of  its  mixtures  with  carbon 
black  (curves  1,  5)  and  graphite  (curve  2),  clearly  showing  that 
for  all  the  functions  characteristic  breaks  exist  in  the  tempera¬ 
ture  region  of  420-450°  and  500°.  This  means  that  about  500° 
variation  in  the  composition  of  t.ie  oxide  can  be  recorded  by  this 
method  and  that  the  presence  of  carbon  does  not  alter  the  genf-ral 
characteristic  picture,  since  the  electrical  conductivity  of  car¬ 
bon  in  the  300-600°  interval,  as  has  already  been  pointed  out. 
remains  practically  unchanged. 

The  experimental  results  were  supplemented  by  data  on  the 
dissociation  kinetics  of  UO^  and  the  reducing  agent  (UOx  +  C), 
obtained  under  identical  conditions,  but  were  also  supplemented 
by  data  of  X-ray  phase  analysis  of  a  large  number  of  intermediate 
products  whose  composition  lies  between  UO5  and  UOp^^-p  (U^Og). 

From  comparison  of  all  the  data  it  follov/s  that  in  the  430-46o° 
region  the  onset  of  the  formation  of  the  new  phase  is  observed  at 
an  overall  composition  of  UO2.91. 

Thus,  from  300°  (where  the  electrical  conductivity  of  carbon 
ceases  to  change)  to  430-460°  (cf  Figure  2)  the  variation  in  elec¬ 
trical  conductivity  is  determined  mainly  by  changes  in  the  UOj- 
based  (UO^-p)  solid  solution;  here,  the  chemical  composition  of 
the  solution  changes  to  UO^.op.  It  also  follows  from  Figure  2 
that  independently  of  the  process  type  (dissociation,  reduction) 
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thd  aeteriAl  of  the  reducing  agent  (graphite,  carbon  black)  and  its 
quantity  (1.4  and  4.3^),  the  onset  of  foraation  of  the  new  phase 
U5O3  ia  observed  in  the  430-460®  region  in  the  interaediate  product 
of  overall  compoaition  002,91.  Obviously,  up  to  400®  it  is  specifi¬ 
cally  the  temperature  that  determines  changes  in  the  process  in 
question,  where  the  main  role  is  evidently  played  by  the  acts  of 
crystallochemica.!  transforaa tion  in  the  oxide. 


PIGUSE  2.  Specific  electrical  resistance  of  UO5  and  of  the  aix- 
ture  UO5  >  C  as  a  function  of  temperature:  1  -  VO-t  *  4,5J»  darbon 
black:  2  -  00,  +  4.5?^  graphite;  3  -  UOi  .♦  1,4%  carbon  black;  4  - 
UO3.  LEGEND:  a)  Ig  G  (eha-lca-1). 

The  conc\xrrence  of  the  slopes  of  the  curves  3  and  4  in 
Figure  2  (OO3  and  UO3  ♦  1.4%  P'  up  to  400®  allows  us  to  assume 
that  in  the  reduction  of  UO3  by  solid  carbon  the  loss  of  oxide 
oxygen  is  initially  due  mainly  to  its  dissociation.  Actually, 
the  dissociation  of  UO3,  as  was  shown  by  the  method  of  electrical 
resistance  measurements,  begins  at  250-300®,  Here,  carbon  plays 
the  role  of  inert  diluent  of  good  conductance  and  its  appreciable 
reaction  with  the  gaseous  medium  is  not  observed  in  any  case  up  to 
400®.  Also  not  occurring  is  the  interaction  of  carbon  with  the 
'Oxide  directly  in  the  solid  phase.  As  to  the  fact  that  carbon  plays 
the  role  of  inert  diluent  up  to  a  certain  point,  evidence  is  foimd 
as  follows:  the  less  carbon  in  the  mixture  (curves  1,  3)  the  less 
the  elsttrical  conductivity  of  UO3  (curve  4)  differs  from  that  of 
UO3  C  (curves  1,  3).  Here,  over  some  area  dissociation  of  the 
oxide  is  possible  along  with  its  carbo thermic  reduction,  a  phenome¬ 
non  which  has  been  noted  in  the  literature  for  the  example  of 
manganese  oxides  /13/-> 

It  is  characteristic  that  in  the  dissociation  of  UO3,  the 
formation  of  U3OS  begins  at  450°,  whereas  in  the  reduction  of  1103 
C  by  carbon  black,  the  formation  of  U3O3  begins  at  cs  425° t  nnd  when 
the  reducing  agent  is  graphite  —  at  450®.  Thus,  at  temperatures 
above  400®  the  role  of  the  reducing  agent  becomes  manifest,  which 
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follows  from  a  comparison  of  the  rates  of  dissociation  of  UO^  /lO/ 
with  its  reduction  by  carbon  black  /8/,  graphite  /9/i  woodland 
sugar  coal  /l6/.  Moreover,  it  must  be  said  that  the  mechanism  of 
reduction  of  powdered  and  briquetted  mixtures  can  be  dissimilar, 
although  the  qiialitative  relationship  of  the  rates  of  dissociation 
and  reduction  (at  identical  temperatures)  will  probably  remain 
unchanged. 


FIGURE  3.  Relative  change  in  electrical  conductivity  of  the 
mixture  UO-,  C  at  400°  as  a  function  of  treatment  time. 

0^  =  specific  electrical  conductivity  of  the  mixture 
UO^  +  C  at  moment  temperature  of  400°  is  attained,  O7.  3 
specific  electroconductivity  of  the  mixture  UO^  C  at 
given  moment  of  time  T.  1  -  UOj  +  4.5?^  graphixe;  2  -  UO5  + 

4.5%  carbon  black. 

Above  450°  two  phases  co-exist:  UjOg  and  (cf  Figure  2). 

A  certain  increase  in  the  temperature  coefficient  of  electrical  con¬ 
ductivity  is  due  to  an  increase  in  the  amount  of  the  more  electro- 
conductive  phase  U3O3  compared  with  ^Oj-p  /17,  18/,  Finally,  about 
300^,  when  the  conversion  of  UO3  to  U^Og  was  mainly  completed,  a 
variation  in  the  temperature  dependence  of  electrical  conductivity 
of  UjOg  itself  was  observed  /3f  17,  I8/.  Thus,  the  method  of  mea¬ 
suring  electrical  conductivity  succeeded  in  confirming  the  conclusion, 
based  previously  on  kinetic  and  X-ray  data  /8/,  which  states  that 
there  is  a  lower  limit  to  the  homogeneity  of  the  uranium  trioxide- 
based  solid  solution. 

The  above  noted  dependence  between  the  rate  of  oxide  reduc¬ 
tion  on  activity  of  a  solid  reducing  agent  has  also  been  confirmed 
in  our  case  by  way  of  other  data.  As  we  can  see  in  Figure  3,  the 
relative  increase  in  the  electrical  conductivity  with  time  at  400° 
for  the  UO3  -  carbon  black  mixture  is  greater  than  for  the  UO5  - 
graphite  mixture  (the  amount  of  reducing  agent  is  identical). 

Data  on  the  increase  in  electrical  conductivity  with  time 
at  the  several  temperatures  for  the  UO5  -  graphite  mixture  (Figure 
4)  show  that  the  intensity  in  variation  of  electrical  conductivity 
at  the  several  temperatures  (tangent  of  the  slope  of  the  lines)  can 
serve  as  the  characteristic  rate  in  our  case  of  the  overall  process. 
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confirming  a  similar  conclusion  foomd  tarlier  by  V.  P.  xslyutin, 
Yu.  A.  FstIov,  and  othsrs  using  ths  exampls  of  ths  reduction  cf 
vanadium  oxides  with  solid  carbon  /6/. 


FIGURE  4.  Change  in  electrical  conductivity  of  the  mixture 
UO-  +  graphite  at  several  temperatures  as  a  function  of 
the  time  of  treatment:  1  -  350°;  2  -  375®;  3  -  400“;  4  - 
425“ 


CONCLUSIONS 

1.  The  method  of  measuring  electrical  conductivity,  which 
is  simple  and  under  certain  conditions  convenient,  has  been  used 
to  corroborate  the  boundary  limit  to  the  existence  of  a  urani\ui 
trioxide-based  solid  solution,  determined  earlier  by  kinetic  and 
I-ray  methods  /8,  9/»  and  also  has  shown  that  the  rate  of  the  over¬ 
all  process  can  be  characterized  by  the  rate  of  change  in  electrical 
conductivity.  With  the  aid  of  this  method  it  has  been  possible  to 
obtain  data  affording  ideas  on  the  role  of  dissociation  in  the 
reduction  process. 
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DETEfiMIKlTION  OF  fHE  OHIEHTATION  OF  TUNGSTEN 
CRTSTALS  BY  ETCHING  FIGURES 

A.  I.  P«kArev 

(Institute  of  Mstalluror  of  the  AcAdeny  of  Sciences  USSR) 


The  conventional  nethod  of  determining  the  orientation  of 
single  crystals  is  Based  on  reciprocal  X  rsy  photographs  of  cut 
sections  or  surfaces  of  monocrystals  in  the  Laue  chamber  on  standard 
equipment «  Determination  of  the  orientation  of  separate  grains,  the 
deformation  bands,  and  elements  of  deformation  (traces  of  glide  and 
twinning  planes)  on  semi-crystalline  material  is  possible  only  with 
the  use  of  unique  sharp-focus  X  rsy  tubes.  Therefore,  both  optical 
and  electron  microscopy  are  used  in  determining  orientations  in  mioro- 
volximes  along  with  roentgenography. 

The  metallographic  method  consists  in  the  following.  The 
polished  section  of  the  metal  sai^le  is  sub;)ect  to  special  etching 
(chemical,  electrolytic,  vacuum)  to  display  etching  figures  (EF),  whose 
fora  depends  on  the  method  of  etching  the  crystal  lattice  and  on  the 
orientation  of  the  crystal  with  respect  to  the  section  surface.  G.  M. 

Fomin  /l/  determined  the  predominant  orientation  of  grains  in  zones  of 
transformer  steel.  Each  grain  was  categorized  by  etching  form  in  one 
of  four  groups.  In  a  given  case  approximate  sorting  of  the  grains  was 
quite  satisfactory  to  establish  texture.  For  accurate  determination 
of  each  grain  is  possible  after  measurement  of  the  angles  between  the 
elements  of  KF  in  corresponding  to  geometric  transformations. 

In  etching  metals  (molybdenum,  tungsten,  etc),  crystallized  in 
body-centered  cubic  (B-CC)  form  the  etching  figures  were  limited  to 
the  planes  [llO]  with  closest  packing  of  atoms  and  are  trihedral 
and  tetrahedral  angles  cut  off  bx  the  section  surface  from  a 
rhombododeoahedron . 

Vithin  each  separately  situated  £F,  from  the  center  to  the  apices 
of  the  angles  run  rays  which  are  ribs  having  the  directions  (ill)  of 
solid  angles.  D.  N.  Vasilkovskiy  /2/  developed  in  detail  a  method  of 
nomographic  determination  of  orientation  by  the  angles  between  the 
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rib  directions.  To  manifest  such  ribs  in  tvingsten  microstructure  it 
is  necessary  to  deeply  etch  the  section  with  an  aqueous  solution  of 
potassium  ferricyeuiide  and  alkali. 

Electrolytic  etching  of  tungsten  in  a  2-10^  alkali  poluticn 
af fords  clear  EP  on  the  section  svirface,  althou^^  the  rays  within 
the  etching  figure  are  almost  indistinguishlble  and  here  a  method  of 
determining  orientation  from  the  size  of  the  EF  is  needed.  The 
method  proposed  by  Kostron  /3/  is  applicable  only  for  metals 
crystallizing  in  face-centered  cubics  (FCC)  for  which  the  EF  are 
limited  to  the  planes  of  the  flOO}  system. 

The  methods  suggested  for  determining  orientation  in  F-C  C 
metals  from  the  size  of  the  EF  involves  the  use  of  stereographic 
projection  to  simplify  the  mathematical  analysis. 

Each  aide  of  a  triangular  etching  figure  ABC  (Figure  l)  is  the 
axis  of  a  zone  to  which  the  plane  {l00|  and  the  section  plane 
belong.  The  problem  reduces  to  finding  the  plane  parallel  to  the 
section  surface  in  which  there  would  lie  three  zonal  axes  forming  sides 
of  the  triangle. 


FIGURE  1.  Determination  of 
orientation  for  the  triangular 
etching  figure.  Solid  lines  - 

traces  of  { lOO]  ,  - - - 

parallels  and  trace  of  the  plane 
aou^t  for 


All  faces  belong  to  the  {lOOj  system.  We  take  one  of  the  EF 
as  (no)  and  on  a  standard  atereographic  projection  for  the  (llO) 
plane  draw  the  traces  mm*  nn’  of  the  two  other  faces  (lOl)  and  (Oil) 
of  the  etching  figure. 

The  two  sides  AC  and  BC  of  the  triangle  in  Figure  1  lie  under 
the  angles  oc,  to  an  arbitrarily  selected  base  aide  AB  lying  in 

the  plane  (llo) .  We  superimpose  the  base  side  with  the  axis  X.  X-  of 
the  stereographio  sphere  and  the  angles  OC.QC  are  laid  off; 
respectively,  from  the, poles  and  X^.  Then  the  directions  of  the 
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sides  AC  and  BC  oust  lie  sooawhere  on  the  parallels  aa’  and  bb'  of 
the  Woulfe  network. 

The  great  circle  found  on  tracing  paper  following  the  traces 
OB*  and  nn*  are  suporimposed  on  the  Voulfe  network  (See  Figure  l) 
and  we  rotate  the  great  circle  around  the  center  until  the  points  of 
i’'terception  a*  and  b'  of  the  traces  of  the  planes  (lOl)  and  (Oil) 
with  the  latitudes  aa'  and  bb'  will  not  appear  on  the  same  meridian 
X,  b'  a'  Xp.  The  resulting  meridian  is  the  projection  of  the  slide 
plane,  but^the  pole  of  the  plane  sought  for  is  .P.  Transferring  the 
tracing  paper  onto  the  standard  stereographic  projection  of  the 
(no)  plane  we  determine  the  orientation  of  the  section  sxirface.  The 
direction  of  the  side  to  the  triangle  is  determined  hx  the  points  a", 
b«,  X^. 

If  EF  is  of  the  quadrangular  form  AB£D  (S2),  then  the  traces 
nn'  and  am'  of  the  two  planes  (Oil)  and  (Oil)  adjoining  the  plane 
(no)  are  plotted  on  the  standard  stereographic  projection  of  the  (llO) 
plane.  The  three  planes  (llO)  will  form  the  tetrahedral  angle  of  the 
£F.  Two  angles  (more  suitably,  acute  angles)  adjacent  to  the  same 
side  BC  are  measured  in  the  quadrangle,  imder  which  are  traced  the 
parallels  cc'  and  bb'  (See  Figure  2)  onto  the  Woulfe  network. 


FIGURE  2.  Determination  of 
the  orientation  for  the 
quadrangular  etch'ing  figure. 
The  solid  lines  -  traces  of 
the  {100}  *’  "  parallels  and 

trace  of  plane  sought  for. 


The  order  of  determination  of  the  orientation  of  the  section 
surface  is  similar  to  the  case  of  the  triangular  EF.  The  meridian 
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b”  c"  is  the  trace  of  the  plane  sou^t  for. 

It  is  apparent  that  the  square  form  of  the  EF  has  a  surface  with 
the  indices  {lOOj  ,but  the  surface  with  equilateral  triangles  is 
oriented  at  fill;  .  Shown  in  Figure  5  are  the  possible  forms  of  EF. 
The  dash  line  indicates  the  boundary  between  orientations  with  the 
triangular  and  quadrangular  EF  and  the  region  close  to  (llO),  where  the 
etching  figures  appear  only  after  much  work  and  are  of  irregular  oval 
or  broken-line  form. 


FIGUKE  3*  Formf?  of  etching  figures  as  a  function  of  orientation 
on  the  stereographic  triangle. 


The  angles  between  the  sides  of  the  EF  can  be  measured  to  axi 
accuracy  of  2-4"  in  a  photograph  of  microstructure  or  directly  with 
the  fflfttalomicroecope  used  for  reading  angles  by  the  rotary  table  (using 
a  MIjM-8  type  microscope).  When  the  Voulfe  network  is  used,of  20cm  in 
diameter;  the  accuracy  of  the  geometric  construction  is  close  to  1-2". 
The  total  error  in  determining  the  orientation  of  the  section  plane 
usually  does  not  exceed  4"* 

Figure  4  presents  a  photograph  of  the  microstructure  of  two 
samples  of  cast  ttingsten  with  triangular  and  quadrangular  forms  of 
EF.  The  tungsten  section  underwent  electropolishing  and  electron 
etching  in  10$^  Na  OH  at  a  current  density  of  1.5  and  0.05  amp/cm^. 
Presented  in  the  table  are  the  results  of  orientation  determinations 
from  Figures  1,  2,  and  4*  The  direction  uf  the  glide  line  can  be 
determined  by  the  angle  between  the  glide  line  and  the  already 
known  orientation  of  any  side  of  the  etching  figure. 
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TABLE 
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LEGEND:  a)  Figure  ntimberj  b)  Side  of  etching  figure,*  c) 
Face' of  etching  figure;  d)  Angle  between  sides,  degrees; 
e)  Orientation  of  side;  Orientation  of  section;  g) 

Point  on  diagra®;  h)  Nearest-lying  plane;  i)  Anglo  of 
nearest-lying  plane  to  section,  degrees 


FIGURE  4*  Triangular  (a)  and  quadrangular  (b)  etching  figures 
on  a  section  of  cast  tiaigsten,  X  250. 
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THERMAL  FATIGUE  OF  CERTAIH  TITANIC  ALLOTS 
N.  M.  Pul talc,  N.  S.  Samoylor  and  V.  B.  Pokrorakaya 
(Military -Aircraft  Engineering  Aeadeoy) 


Parta  operating  under  the  condition  of  alternating  heat¬ 
ing  and  cooling  nuat  hare  requiaite  reaiatance  to  thernal  fatigue, 
i.e.,  againat  deatruction  of  their  naterial  through  repeated 
ahangea  in  its  thermal  state  during  performance*  During  non- 
uniform  heating  and  heterogeneity  of  bulk  changes,  thermal  stresses 
arise  la  the  material  leading  to  a  breakdown  in  its  solidity. 

Fariotts  materials  functioning  under  identical  condi¬ 
tions  deeelep  dissimilar  resistance  to  thermal  fatigue.  This 
is  accounted  for  by  maxiy  factors,  including  the  physical 
properties  of  thermal  expansion  and  thermei.  sonductiTity. 

For  example,  titanium  and  its  alloys  differ  significantly  from 
other  metallic  materials  in  the  ralues  of  their  thermal  con- 
ductiTity  and  thermal  expansion.  The  thermal  conductirity  of 
titanium  is  0.037  calories/cm*sec>deg,  approximately  100-115% 
less  than  for  steel,  while  the  coefficient  of  thermal  expansion 
is  8.3*10'‘^  per  degree  —  almost  50%  lower  than  for  steel. 

Such  difference  in  the  fundamental  physical  properties 
is  responsible  for  a  substantial  change  in  the  ralue  and  distri¬ 
bution  of  thermal  stresses  in  cyclic  heatings  and  coolings  of 
titanic  alleys  and  leads  to  such  destruction  of  these  aeaterials 
from  thermal  fatigue  which  iw  essentially  different  from  the 
breakdown  of  steels  and  other  alloys. 

In  this  report  an  inrestigation  is  made  of  thermal  fatigue 
of  certain  titanic  alloys*  The  inrestigatlons  were  conducted  on 
an  original  derice  /I, 2/,  dereloped  with  the  participation  of 
one  of  the  authors.  Used  as  samples  were  square  sheet  plates 
120  X  120  X  1.5  mm  in  sl$e.  Heating  by  the  use  of  induction 
method,  using  a  loop-shaped  inductor.  During  the  course  of  the 
tests,  the  inducatcr  was  placed  on  one  side  of  a  rigidly  secured 
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ihvit  suple.  heating  zone  waa  in  the  fora  of  an  ellipse 

and  OB  the  laductor'a  aids  was  characterised  by  sonawhat  greater 
area  than  on  the  opposite  aide. 

The  thersal  cycle  in  the  various  exoerlsents  was  charac¬ 
terised  by  upper  tesperaturea  of  800®,  900^,  1000®,  and  lower  - 
near  20®.  Cooling  was  carried  out  by  a  stress  of  tap  water. 

The  heating  was  continued  at  an  average  rate  of  200®  per  second 
and  lasted  4-5  seconds  and  cooling  —  -l60®  per  second  and  last¬ 
ing  for  5**^  seconds. 

In  the  tests  a  deteraination  was  Bade  of  the  nusber  of 
"heating-cooling”  cycles  until  the  sonent  that  the  first  fissure, 
0.10-0.15  ss  in  length,  appeared  in  the  naterial.  Also  investi¬ 
gated  ware  the  kinetics  of  fissure  development.  Here  an  ultra¬ 
sonic  method  of  detecting  soaents  of  origin  and  used  in  study¬ 
ing  fissure  enlargeaent  /2/  was  used. 

A  study  wab  made  of  aicrostructure  and  the  crohardness 
of  the  titanic  alloys  was  determined  in  that  zone  of  the  sample 
which  underwent  cyclic  temperature  variations.  Together  with  the 
titanic  alloys,  OT-4  and  VT-14,  for  coaparison  the  resistance  to 
theraal  fatigue  of  the  nickel  alloy  21-435  was  examined. 


FIGURE  1.  Number  of  ’•heating-cooling" 
cycles  before  cracks  appear  as  a  function 
of  the  value  of  the  upper  cycle  temperature 
when  the  titanic  alloy  0T4  (l)  and  the  nickel 
alloy  BI435  (2)  is  tested  fo^-  thermal  fatigue. 
LEGEND:  a)  Number  of  cycles;  b)  Upper 
cycle  temperature,  ®  C 


All^  rik'  1  presents  a.sraph:  of  chaakes  in  the 

nuaber  of  Seating- cooling”  cycles  before  the  appearance  of  a 
theraal  fatigue  crack. as  a  function  of  the  value  of  the  upper 
cycle  temperature  in  samples  of  sheet  titaniua  alloy  OT-4  1*5  mm 
in  thiekaeso.  As  can  ba  seen  froa  the  graph  plotted  in  seai- 
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lafaurithaic  eoordlnateaf  with  increases  in  the  upper  cycle  teapera- 
ture  the  auaber  oi  cycles  before  the  appsarance  of  cracks  drops 
sharply,  eyidencing  a  significant  lowering  of  the  theraal  resis> 
tanes  of  the  OT*k  alloy  with  increase  in  upper  cycle  teaperature. 

In  addition  to  the  titanic  alloy  OT-4,  theraal  fatigue  of 
the  nickel  alloy  EI-435  vas  also  tested.  The  nuaber  of  ••heating- 
cooling"  cycles  until  saaple  breakdown  at  the  upper  cycle  teapera- 
tures  of  900  and  800^  oaounted  to,  respeetively,  for  the  OT-4 
alloy  to  241  cycles  and  804  cycles,  and  for  the  11-455  alloy  — 

206  and  545  cycles. 

Hence,  the  theraal.  resistance  of  the  titanic  alloy  OT-4 
at  the  upper  cycle  teapex*ature  studied  is  significantly  higher 
than  that  of  the  nickel  alloy  £1-455,  especially  at  a  low  upper 
cycle  teaperature.  This  is  accounted  for  by  the  low  coefficient 
of  theraal  expaasion  of  titaniua. 

On  the  other  hand,  if  we  were  to  coapare  the  rate  at  which 
the  auaber  of  cycles  were  reduced  up  to  breakdown  with  increase 
in  the  upper  cycle  teaperatvure  (Of.  Fig.  1),  then  we  would  see 
that  at  high  teaperatures  (1000®)  the  nickel  alloy  proves  to  be 
aore  theraally  resistant  than  the  titanic,  which  can  be  explained 
by  the  high  peak-resistance  of  nickel  alloys. 

The  ultrasonic  defectoscope  was  used  to  investigate  the 
kinetics  of  growth  of  the  theraal-fatigue  cracks.  Shown  in  Fig,  2 
is  the  variation  in  the  length  of  the  theraal  fatigue  crack  as  a 
function  of  the  nuaber  of  ••heating-coaling"  cycles  at  varioxis 
upper  teaperatures  of  the  cycle.  Froa  analysis  of  the  graphs 
presented  it  follows  that  each  curve  has  two  sections— a  curvi¬ 
linear  and  a  rectilinear.  The  curvilinear  section  correspond#  to 
the  slow,  but  accelerating  developaent  of  theraal  fatigue  cracks. 
This  acce3.erstion  takes  place  the  aore  rapidly  the  higher  the  upper 
cycle  teaperature. 

The  rectilinear  section  corresponds  to  a  constant  rate  of 
crakk  foraation.  With  higher  upper  teaperature  cycle  the  rate  of 
theraal  fatigue  crack  foraation  increases  in  straight-line  propor¬ 
tionality  (Fig,  5). 

Alloy  fT-l4.  Investigation  of  the  theraal  fatigue  of  yT-l4 
alloy  was  conducted  on  sheet  saaples  120  X  120  X  2  aa  in  size. 

The  tests  were  carried  out  at  5  upper  cycle  teaperatures  of  800, 

850  and  900®.  Here  it  was  found  that  even  a  very  large  nuaber  of 
heat-shift  cycles  does  not  cause  in  this  alloy  the  developaent  of 
visible  theraal  fatigue  cracks.  However,  aa  will  be  shown  below, 
for  cycles  with  900®  as  the  upper  teaperature  aicro-f Issues  appear, 
extending  into  the  surface  altered  layer  appearing  aa  the  result 
of  saturation  by  oxygen  of  titaniua  during  the  cyclic  heatings. 

Me tall oxraphie  studies  and  deteraination  of  aicro-hardaese . 
Hetallographlc  studies  were  conducted  on  saaples  tested  for  theraal 
fatigae  and  detarainatios  of  micro-hardness  was  aade.  For  this 
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sheet  suples  were  cut  along  the  major  axis  of  an  elliptical 
patch  and  subjected  to  polishing,  buffing,  and  etching.  In- 
reetigations  revealed  that  as  the  resUlt  of  testing  for  thermal 
fatigue  substantial  variation  in  the  physical  structure  of  the 
alloy  in  the  heating  zone  appeared. 


FIGURE  2.  Length  of  thermal  fatigue  cracks  as  a  function  of 
number  of  cycles  at  various  upper  cycle  temperatures  in  the 
testing  of  the  titanic  alloy  0T4. 

LEGEND!  a)  Length  of  fissure,  mm;  b)  Number  of  "heating- 
cooling"  cycles 


PIGUitE  Change  in  rate  of  thermal  fatigue  crack  formation  in 
the  0T4  alloy  as  a  function  of  upper  cycle  temperature. 

LEGEND!  a)  Rate  of  crack  formation,  microns  per  cycle;  b) 
Upper  cycle  temperature,  ®  C 


The  original  structure  of  the  OT-4  alloy  is  two-phase 
fine-grained  with  the  clearly  pronounced  striation  character¬ 
istic  of  sheet  saterial  undergoing  significant  deforaation  in 
the  process  of  being  rolled.  The  structure  of  the  OT-4  alloy 
in  the  heating  zone  following  testing  for  theraai  fatigue  was 
essentially  altered.  Along  the  edges  of  the  patch  where  the 
heating  teaperaturo  was  not  high  soae  coarsening  of  the  grains 
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tcck  place,  the  structure  was  maintained  as  equiaxial  two-phase  (Pig. 

4t  a).  Such  a  variation  in  structtire  took  place  as  the  result  of  r-e- 
czystallization  of  the  alloy  at  low  heating  temperatures. 

The  structure  in  the  highotempereture  zone  of  the  patch  is 
needle-shaped,  in  which  the  needles  become  coarser  with  increase  in 
heating  temperature.  The  appearance  of  the  needle-like  structure  is 
due  to  the  hig^  rate  of  cooling  of  the  metal  against  a  background  of 
local  heating  during  the  process  of  testing  for  thermal  fatigue,  and 
the  coarsening  of  the  grains  —  by  the  sizeable  growth  of  the 
crystallites  of  the  solid  beta-solution  at  higii  temperattires.  The 
presence  of  the  coarse-needle-shaped  structure  in  the  heating  zone 
(together  with  the  effect  of  thermal  stresses)  can  favor  the  rise  of 
thermal  fatigue  cracks. 

As  the  result  of  heating  to  hi^  temperature  (lOOO®)  the 
formation  of  a  modified  layer  (Figure  5)  saturated  in  oxygen  occurs, 
in  »diich  the  eolid  solution  of  this  layer  has  a  structure  elongated 
and  arbitrarily  oriented  grains.  It  must  be  noted  that  the  thickness 
in  structure  of  this  layer  are  identical  both  on  the  inductor  side  as 
well  as  on  the  opposite  side  of  the  sheet  sample  tested. 

The  testing  of  the  OT  4  alloy  for  thermal  fatigue  at  an  upper 
cycle  temperature  of  900®  leads  to  structural  changes  less  clearly 
pronounced  than  at  1000®. 

The  change  in  the  micro-hardness  of  the  hardness  of  the  material 
along  the  axis  of  the  heating  patch  is  in  accordance  with  structural 
transformations.  Thus,  for  example,  for  a  sample  of  the  OT  4  alloy 
tested  for  thermal  fatigue  at  an  upper  cycle  temperature  of  900®,  ^ 

the  micro-hardness  in  the  central  zone  of  the  patch  exceeds  40^  kg/mm 
while  its  value  in  the  surroimding  material  is  about  270  kg/mm  .  In 
the  central  zone  of  a  patch  of  sample  of  the  same  alloy  tested  at  an 
up^er  cycle  temperature  of  1000®,  the  micro-hardness  is  about  350  kg/ 
ram  ,ie,  50  kg/asn  lower  than  at  900®. 

The  original  structure  of  tae  VT  14  alloy  is  also  two-phase, 
but  with  a  less  pronounced  atriation.  The  structure  in  the  heating 
zone  depends  little  on  temperature  and  remains  almost  unchanged  from 
the  edge  to  the  center  of  the  heating  patch. 

Shown  in  Figure  6  are  microphotographs  of  the  structure  of  the 
VT  14  alloy  in  the  zone  of  the  heating  patch  (upper  cycle  temperature  * 
900*).  This  structure,  in  spite  of  the  high  heating  temperature,  is 
fine-grain  with  weakly  pronoiinced  acicxzlarity.  It  is  possible  that 
this  is  precisely  what  accounts  for  the  high  resistance  of  the  VT  I4 
alloy  to  thermal  fatigue. 

A  surface  layer  with  a  characteristic  structure  (Figure  7)  and 
increased  hardness  has  been  found  for  a  8aaq)le  of  the  VT  I4  alloy  tested 
for  thermal  fatigue  at  an  upper  qycle  temperature  of  900*  for  a  pro¬ 
tracted  period  (397  heat-!c;;fCle),  Thermal  fatigue  cracks  appeared  in 
this  layer,  ertending  right  through  the  layer,  but  not  entering  the 
zone  of  the  imderlying  material. 
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FIGURE  4-  Microatructure  of  the  OT4  alloy  in  the  zone  of  the 
heating  patch  when  testing  for  thermal  fatigue,  a  -  at  edge 
of  patch,  b  -  in  middle  of  patch,  X  450,  upper  cycle  temp¬ 
erature  »  1000°. 


FIGURE  i).  Microstructure  of  the  OT4  alloy  in  the  center 
of  the  heating  patch  showing  a  zone  of  surface  modified 
layer,  X  450,  upper  cycle  temperature  -  1000*. 


FIGURE  6.  Microstructure  of  the  V?14  alloy  in  the  heating 
patch  zone,  X  450*  upper  cycle  temperature  «  900®. 


FIGURE  7.  Microstructure  of  the  edge  of  a  sample  of  the 
VTI4  alloy  tested  for  thermal  fatigue  at  an  upper  cycle 
temperature  of  9OO®.  Visible  is  the  oxygen- saturated 
modified  layer  and  cracks  in  it,  X  450. 
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CONCLUSIONS 


1.  A  study  has  been  carried  out  of  thermal  fatigue  of  the 
titanic  alloys  OT  4  and  VT  I4  and  of  the  nickel  alloy  BI  435*  It  has 
been  established  that  the  heat  resistance  of  titanic  alloys  at  upper 
cycle  temperatures  up  to  9OO*  is  higher  than  for  the  nickel  alloy  El 

435. 

2.  The  formation  of  thermal-fatigue  cracks  at  various  upper 
cycle  temperatures  has  been  investigated  and  it  has  been  shown  that 
the  growth  rate  of  these  cracks  increases  with  temperatvire . 

3.  As  the  result  of  investigation  of  the  microstructure  and 
micro-hardness  in  the  zone  of  the  heating  patch  it  has  been  found  that 
when  testing  for  thermal  fatigue  substantial  change  in  the  structure 
and  increase  in  the  micro-hardness  of  titanic  alloys  appears,  where  the 
atructxire  becomes  needle-shaped.  The  suggestion  was  made  that  for¬ 
mation  of  the  coarsely  acicular  structure  favors  the  genesis  and 
development  in  the  material  of  thermal  fatigue  cracks. 

4.  It  has  been  observed  that  when  an  alloy  is  subjected  to 
prolonged  testing  a  surface  layer  saturated  with  oxygen  can  appear,  so 
frag?.le  that  thermal  fatigue  cracks  will  form  in  it.  However,  these 
cracks  in  the  VT  I4  alloy  do  not  depart  beyond  the  limit  of  the  layer 
and  do  not  penetrate  the  underlying  material. 
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GALVANIC  COPPER-PLATING  OP  TITANIUM  AND  ITS  ALLOYS 

V.  V.  Usov,  V,  I.  Liner 

(Moscow  Institute  of  Steel  and  Alloys, 

Chair  of  Corrosion  and  Protection  of  Metals) 


The  chief  advantage  of  titaniua  and  its  alloys  over  other 
structxiral  materials  lies  in  the  combination  of  high  mechanical 
properties  and  corrosional  resistance  with  low  specific  gravity. 
Titanium  has  the  highest  specific  strengrth  among  technical  materials. 
And  the  strength  of  titanic  alloys  is  not  reduced  even  dtrring  heating 
up  to  400-300*,  especially  important  for  modem  technology.  Titanium 
exhibits  hi^  corrosional  resistance  in  an  air  atmosphere,  sea  water, 
and  in  several  strong  chemical  reagents. 

With  an  increase  in  the  areas  of  technical  use  of  titanium 
the  need  arose  to  deposit  galvanic  coatings  on  titanium  alloys, 
which  partly  or  completely  eliminates  certain  shortcomings  specific 
to  titanium.  These  shortcomings  include  low  heat  and  electrical 
conductivity?  difficulty  in  soldering?  burrs  arising  in  friction  and 
adhering  to  tools?  energetic  reaction  with  oxygen  and  nitrogen, 
especially  at  elevated  temperatures. 

Galvanic  copper-plating  of  titanium  lowers  the  transitional 
resistance,  increases  electro-  and  '  thermoconductivity,  lo^roves 
the  conditions  of  low-temperature  soldering.  The  copper  coat  can 
serve  also  as  a  technological  lubricant  in  the  cold  treatment  of 
titanium  by  press'ure  and  protect  the  sizrface  of  articles  from 
scraping  and  burrs,  significantly  improving  surface  quality.  Other 
galvanic  coatings  can  be  applied  on  the  copper  layer  by  usual  methods. 

The  indicated  ways  of  usizig  titanium  with  copper  plating  can 
be  recommended  only  for  titanium  articles  used  at  tesiperatures 
lover  than  that  of  the  formation  of  intermetallic  compounds  of 
titanium  with  copper  since  the  brittleness  of  the  diffusion  layer  leads 
to  lowered  strength  of  the  adhesion  of  copper  with  the  underlying 
metal. 


In  the  copper  plating  of  titanium  difficulties  appear  like 
those  which  occur  in  the  galvanic  plating  of  aluminum  and  mag¬ 
nesium.  A  dense  oxide  film  responsible  for  the  high  corrosive 
stability  of  titanium  prevents  the  diirable  adhesion  of  the  galvanic 
deposit  with  the  substratiun.  When  this  film  is  removed  by  mechanical 
means  or  it  aggressive  media  rapid  repeated  oxidation  takes  place. 
Activation  of  the  titanium  surface  before  deposition  of  the  galvanic 
layer  is  therefore  the  central  problem  in  this  technology. 

Kany  variants  of  the  preliminary  preparation  of  the  surface 
of  titanium  under  galvanic  plating  have  been  proposed.  'Their 
essential  content  amounts  to  removing  the  oxidized  film  and 
preventing  its  formation  by  intermediate  layers  consisting  of 
flxiorides  /l/,  hydrides  /2,3/*  or  by  layers  of  copper  /4/  and 
zinc  /5/.  Of  the  methods  for  preparing  the  titanium  stirface 
enumerated  the  one  I  make  most  application  consists  in  prolonged 
etching  in  concentrated  acids  ---sulfuric  and  hydrochloric  /^/. 

Several  metals,  most  often  chromium,  have  been  deposited  on  the 
hydride  layer  formed  in  etching.  Of  the  other  methods  of  surface 
preparation  one  should  note  the  contact  zincing  of  titanliam  for 
subsequent  nickel-plating  /?/  and  copper-plating  /b/.  In  the  last 
case  it  is  recommended  that  the  titanitun  be  previously  anodized  in 
a  solution  of  sulfuric  acid.  The  thickness  of  the  copper  layer  is 
1-2  microns.  When  the  thickness  of  the  coat  had  increased  peeling 
of  the  copper  is  observed  directly  in  the  course  of  electrolysis. 

Earlier,  in  searching  for  a  method  to  prepare  the  surface 
and  to  activate  titanium  before  copper  plating,  positive  results  were 
achieved  after  etching  titanium  in  mixtures  of  fluoric  and  nitric 
acids  in  a  1:3  ratio  and  activation  in  a  mixture  of  800  ml  ethylene 
glycol,  200  ml/liter  (40^)  of  hydrofluoric  acid,  and  100  g/l  of 
zinc  fluoride  /9jl0/.  A  compact  dark-grey  film  of  0.1  -  0.5 
mm/cm^  thictaess  was  formed  here  on  the  titanium  surface 

(the  thickness  of  the  film  is  of  the  same  order  of  magnitude  as  for 
a  galvanized  treatment  of  alviminum).  Electron  diffraction  and 
spectral  analyses  made  it  possible  to  establish  that  the  film  is  a 
zinc  hydride:  the  layer  vmderlying  the  surface  consists  of  the 
titanium  hydrides  Ti'  B  -'  Ti  and  the  upper  layer  —  metallic  zinc. 

The  conditions  of  activation  (temperature,  concentration  of 
hydrofuorio  acid,  and  duration  of  treatment)  determine  the  composition 
of  the  film  and  the  reasons  in  which  durably  adhering  copper  deposits 
are  attained.  In  determining  the  optimal  activation  conditions 
(See  Note)  the  concentration  of  HF  was  varied  from  90  to  60  grams/ 
liter  with  a  5  gxams/liter  interval.  At  each  concentration  the 
increment  in  film  weigiit  and  the  percentage  content  of  hydrogen  were 
determined  as  functions  of  teoqperature  and  duration  of  treatment. 

The  film  increment  was  determined  weighting  before  and  after 
etching  in  concentrated  hydrochloric  acid.  The  hydrogen  content 
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p9rc«nta^  tma  determined  ty  a  spectral  method,  which  gives  an 
averaged  value  cf  40  -  30  microns  in  depth « 

(/VOT^  Participating  in  the  esqperimental  part  of  the 
study  vers  the  technicians  t  E.  L.  Troshina,  V.  Y.  ijl'yanova,  and 
Y.  P.  Kuzenkova.) 

The  increment  in  film  wei^t  depends  to  a  great  extent  on  the 
solution  temperature}  as  the  temperature  rose  frqsLld  to  30*  the 
increment  increased  from  0.1  to  0.3i  allligTS^/cm^  (Figure  l). 
Pumtion  of  treatment  led  to  a  sli^t  increase  in  film  thickness, 
tdiile  the  concentration  of  HP  has  almost  no  effect  on  film  thickness. 
The  percentage  content  of  hydrogen  in  the  film  increased  with 
increasing  temperature  from  16  to  20*  and  then  dropped  sharply  (See 
Figure  1  h).  Increase  in  HP  content  results  in  &  relative  increase 
in  the  hydrogen  content. 

Confirmation  of  the  durability  of  the  copper  plate  adhesion, 

30  microns  thick,  depending  on  the  activation  conditions,  revealed 
that  the  region  in  which  durably  adhering  copper  deposits  were 
achieved  is  reduced  with  decrn^ased  concentration  of  BP  and  with 
increased  temperature.  Consegtrently,  the  conditions  for  obtaining 
platings  of  satisfactory  adhesion  are  in  direct  dependents  on  the 
hydrogen  content  in  the  surface  layer.  We  often  observe  that  cn  films 
without  a  dark  sublayer  no  satisfactory  adhesion  of  the  copper  plate 
was  obtained.  The  optimal  conditions  for  preparing  the  titanium 
surface  for  copper  plating  are  as  follows:  temperature  16  -  20*, 
concentration  of  HP  —  90  -  75  grams/liter,  and  duration  of  treat¬ 
ment  —  not  less  than  1-2  minutes. 

The  solution  of  the  activation  bath  contained  about  95  grams/ 
liter  HP  ^fter  the  preparation  and  is  formulated  on  the  basis  of  3 
decimeter  of  titanium  per  liter.  As  the  processing  continues  the  HP 
concentration  in  the  bath  falls  off  and  titanium  fluoride  and  water 
becomes  accumulated,  which  is  carried  off  by  the  samples,  therefore 
the  bath  must  be  corrected  with  concentrated  hydrofluorio  acid.  The 
total  working  capacity  of  t^e  activation  bath  under  laboratory 
conditions  was  30  decimeter  /liter. 
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FIGUBE  la.  Effect  of  temperature 
of  activation  solution  on  the 
film  increment  in  weight.  HP 
concentration:  75-80  g/li. 
LEGEND:  n)  Weight  increaent.  mg/ 
cm^;  b)  Hiautes;  e)  Seconds. 
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FIGURE  lb.  Effect  of  temperature  of  activation  solution  on 
percentage  content  of  hydrogen  in  the  zinc-hydride  film. 
HF  concentration:  75-8o  g/li.  LEGEND:  a)  Minutes;  b) 

aecoads. 


It  was  noted  that  the  purity  of  the  zinc  fluoride  affected 
in  some  way  the  formation  of  the  hydride  sublayer,  but  we  have  not 
yet  explained  the  role  of  the  purity  in  zinc  fluoride. 

Copper  plating  of  titanium  was  initially  carried  out  in  a 
cyanide  electrolyte  containing  Seignette's  salt.  Direct  copper 
plating  in  sulfate  for  hydrofluoroboride  electrolyte  does  not  insure 
lasting  adhesion  of  the  plating  with  the  substratum,  probably  due  to 
contact  precipitation  of  copper  on  the  film.  The  cyanide  copper 
plating  conditions  jere  found  to  be  the  following:  current„density 
—  2  amp/decimeter  (lO  seconds),  end  then  1  amp/decimeter^  (lO 
minutes),  electrolyte  temperature  —  40®.  Copper  was  deposited  from 
the  electrolyte  sulfate  over  this  copper  precipitated  in  the  cyanide 
electrolyte.  To  achieve  lasting  copper  deposits  it  is  important  to 
watch  the  content  of  free  cyanide.  A  deficiency  in  cyanide  leads 
apparently  to  contact  precipitation  of  copper,  but  an  excess  — 
to  dissolution  of  the  zinc  deposit.  The  optimal  free  cyanide  content 
is  7*5  -  9*5  grams/liter. 

In  testing  the  possibility  of  replacing  cyanide  we  concentrated 
on  pyrophosphate  electrolytes,  which  are  not  poisonous,  are  simple 
in  composition,  have  high  dispersibility,  high  value  for  permissible 
current  densities,  and  a  current-based  yield  approaching  100^. 
lyrophosphate  electrolytes  varied  in  composition  were  tested; 
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poaitiTe  re suite  were  achieved  in  copper  plating  titanium  from 
two  consecutive  b&tha  each  w5.th  a  different  0^  *  Cfu  ratio 

/ll.  12/.  ®  ^ 

Used  as  the  preXiminaij'  bath  Was  an  electrolyte  of  the  . 
follovdng  compositiont  10  graas/liter  Cuj  350  grams/liter  ^ytoti 
Ojt  Oil  not  less  than  35l  25  grams/liter  ICj  0.;  ,pH  «  9^  The  ’ 
copper  plating  eonditiona  were  as  follows tg  Eoom  temperature, 
initial  current  deneity  —  1  amp/deeiaeter'^  (10  seconds),  and.  then 
0.1-0. 3  aop/deciaeter  .  ‘fhe  electrolyte  was  prepared  from  potassium 
pyrophosphate  of  hl^  solubility  compared  to  sodium  pyrophoaphate. 

Ihe  thickness  of  the  copper  layer  in  the  preliminary  copper-plating 
bath  was  0.5  microns  against  a  total  thickness  of  100  microns.  The 
electrolyte  in  the  subsequent  copper-plating  bath  was  of  the 
following  optimal  composition  (in  graas/liter)*  30  Cu;  210  0^”  .? 

20  KK0,J  25  K  C  O  f  I5  al/liter  KH.OH  (255^)}  pH  -  8.2  -  8.0.' 

The  electrolyte  temperature  was  55  -  oO®*  current  density  »  1.3  am;/ 
decimeter'^.  The  anode  to  cathode  surface  ratio  was  5*1>  If  hi^ 
dispersibility  is  not  required  copper  plating  is  possible  in  the 
sulfate  electrolyte  after  preliminary  copper  plating  in  the  first 
pyrophosphate  electrolyte.  The  copper  plating  electrolytes  did  not 
contain  SO.  an^^were  corrected  with  oxalic  acid  or  sodium  hydx'oxide, 
since  in  the  SO^”  containing  electrolytes  at  pH  ‘  >  9  copper  salts 
are  precipitated.  The  presence  of  has  practically  *no  effect 
on  the  current-based  conger  yield  (Figure  2). 

The  minimum  Pg  o5  *  Cu  ratio  in  the  preliminary  copper¬ 
plating  bath  was  equal  to  35;  when  this  value  is  decreased  no  strong 
adhesion  of  copper  with  substrate  could  be  achieved.  Study  of  the 
cathode  process  in  the  pzeiiminary  copper-plating  bath  revealed  that 
the  increased  content  of  free  potassium  pyrophosphata  (Figure  3)  02^ 
the  decrease  in  copper  content  (Figure  4)  results  in  &  significant 
shift  in  the  discharge  potential  of  copper  toward  the  side  of 
negative  values.  Comparison  of  the  etationazy  copper  potentials 
with  the  discharge  potentials  points  to  the  high  polarization  with 
which  copper  ions  are  discharged  in  these  electrolytes  (Figure  5)* 


FIGUBE  2.  Effect  of  current  den'* 
eity  or  cathode  current-based 
yield  in  preliminary  copper¬ 
plating  bath  and  in  the  working 

bath.  LEGEND:  a)  -  without 

with  SO^;  b)  D^, 

amp/decime ter^ . 
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fISUiJfi  3«  Effect  of  concen¬ 
tration  cf  JHuPpOrj  of 

0.1  N  (1),  1  N  (i)  ani  6  N 
(3)  ca  cathode  polarisation 
of  copper.  Cu  content  s 
0.25  N.  LEGENO:  a)  a«p/ 

dec2;  b)  Volt. 


FIGURE  4,  Effect  of  Cu  conceii- 
tration  of  i  S  <l),  0.4  N 
(2),  0.1  X  (3)  on  cathode 
polarization  at  a  content  of 
5  N  K4P2O7  f  o  LEGEND: 
a)  aap/dec2;  b)  Volt. 


The  low  copper  content  in  the  electrolyte  used  in  the  pre¬ 
liminary  copper-plating  bath  and  the  significant  concentration  of 
pyrophoaph&te  (6.8  N)  leads  to  an  increase  in  cathode  polarization, 
which  cosQ)ared  to  the  working  copper-plating  bath  at  a  current  density 
of  0.3  an^/deciffietei’*^  is  450  milii'eoits  higher  (Figure  6).  The  more 
negative  value  of  the  discharge  potential  of  the  copper  ions  in  the 
first  bath  and  its  approximation  to  the  discharge  potential  of  the 
copper  from  the  cyanide  electrolyte,  apparently,  insures  adhesion  of 
the  copper  to  the  titanium  due  to  prevention  of  contact  precipitation 
of  copper  on  the  zinc  hydride  film.  Adding  potastiua  oxalate  (25  grame/ 
liter)  to  the  electrolyte  leads  to  a  significant  lowering  of  the  anode 
potential,  promoting  better  dissolution  of  the  copper  anodes  (Figure  ?)• 
The  dispersive  power  of  the  pyrophosphate  electrolytes  is  sufficiently 
high  and  approaches  that  of  cyanide  baths. 


JIGUBE  jEffecx  cf  on  tho 

statjonsTy  po^;entiai  of  coppir^n  the  preliudnaiy  copper- 
plating  bath  at  a  aonotaat  content  of  0.25  N  Cu  (l)j  5  N 
(2). 


¥2°7 


fra. 


?/£.<zEBri)t  a)  Hilllvoltaj  b)  Hossial,  K.?«0.,}  c)  Normal 
Cl.  ^  ‘ 


^eaa  pyrophosphate  electrolytos  con  also  be  used  in  preparing 
titanium  ty  etching  in  concentrated  acids* 

it  the  present,  it  can  be  aasiuBed  as  widely  accepted  that  heat 
treatment  isroroves  the  adhesion  of  galTanic  platings  with  titanium- 
based  alloys,  ^eat  treatment  can  fulfill  the  role  of  controlling 
adhesion  quality.  Peeling  after  heating  testifies  to  the  un¬ 
satisfactory  preparation  of  the  surface. 


FIGUBB  6,  Effect  of  current  density  on  cathode  polarization 
in  preliminary  (l)  and  working  (2)  copper-plating  baths. 
LEGENBt  a)  asp/deoimeter^ }  b)  Tolt 
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FIGURE  7.  Effect  of  current  density  on  anode  polarization 
in  preliminaiy  copper-plating  bath:  1  -  with  addition  of 
2?  g/liter  K-C  0  ;  2  -  without  adding -K^C^O. . 

LEGSniD:  a)  amp/ decimeter‘s;  b)  Volt  ^  ^ 


The  durability  of  the  copper  adhesion  with  titanium  without 
annealing  is  inadequate,  and  when  a  sheet  material  in  bent  flaking 
is  observed*  Raising  the  temperature  from  §00  -  4OO  markedly 
improves  adhesion*  Temperatures  of  4OO-5OO  with  duration  of  treat¬ 
ment  not  less  than  20-10  minutes  can  be  regarded  as  optimal  for 
annealing.  The  durability  of  the  adhesion  of  copper  and  titanium 
discovered  ^  the  method  o^  notching  the  ends  and  bending  sites  at  an 
angle  of  90  heated  to  500  ,  and  also  by  a  spitcially  developed  method 
of  cementing  plated  samples  of  a  definite  shape  with  epoxide  cements 
followed  by  subsequent  rupture  on  an  Amsler  machine.  In  the^last 
case  the  durability  of  the  adhesion  amounts  to  I2O-I4O  kg/cm^  beforg 
annealing,  and  after  annealing  at  200  (jO  minutee)  to  180-20^  kg/cm  , 
and  under  optimal  annealing  conditions  exceeds  350-'400  kg/cm  (in  the 
last  instance  the  breakdown  occurs  along  the  cementing  line).  After 
heat  treatment  the  samples  imdergo  repeated  bending,  notching  at  the 
bend  site^  and  also  low- temperature  soldering.  . 

Increasing  the  annealing  temperature  above  550  worsens  the 
adhesion  due  to  the  appearance  of  a  brittle  layer  of  intermetallides 
and  to  differences  in  the  coefficients  of  thermal  expansion  of  titanium 
and  copper.  The  thickness  of  diffusion  layer  in  heating  a|  550  (30 

minutes)  is  0.3  micron,  at  750*  —  1*5  migrons,  and  at  800  the  layer 
grows  suddenly  and  unevenly,  while  at  85O  four  phases  appear  further 
and  fusion  ox'  the  plating  commences,  evidently  due  to  the  formation 
of  an  eutectic  /See  Note/  (Figure  9)»  The  durability  of  the 

adhesion  of  copper  to  titanium  after  annealing  at  6 50  is  only  100 
kg/ca^. 
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(/H0T£/  *lbe  aetallo (graphic  investigations  were  conducted 
S«  R.  M  Sizova  under  the  supervision  of  L.  I.  Stoklitskiy.) 
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RIGURE  8.  Uniformity  of  the  distribution  of  copper  platings 
in  cyanide  and  pyrophosphate  electrolytes,  measured  in  the 
Hull  cells  1  -  cyanide  bath;  2  -  preliminauy  copper-plating 
bath;  3  -  working  bath. 

LEGEND:  a)  Deposition  of  Cu,  microns;  b)  Distance  between 

*^^e  fechrMo^® proposed  gives  good  results  for  deformed 
titanitxm  after  rolling  and  traction  (for  sheet,  wire,  and  tubular 
material) .  The  surface  of  titanium  following  hot  pressing  and 
stamping  requires  before  activation  more  severe  etching  or  mechanical 
working. 

The  testing  of  the  technology  of  copper  plating  for  titanium 
alloys  reveals  that  the  copper  plates  on  alloys  of  titanium  %d.th 
aluminum,  manganese,  and  tin  (7T-3»  7T-3-lf  OT-4-1)  have  strong 
adhesion  with  the  substratum.  Two  phase  alloys  of  titanium  with 
molybdenum,  chromium, (VT-3-l»  VT-0,  and  YT-14)  produce  on  Ine  platings 
after  annealing  (500  —  10  minutes); scalings  in  the  form  of  swellings. 
It  is  apparent  that  the  conditions  of  etching  and  activation  of  the 
surfaces  of  these  titanium  alloys  calls  for  special  investigation. 
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EFFECT  OF  MAGNESIUM  AND  CALCIUM  ON  TfiE  CORROSIOKAL  « 
BESISTANCE  OP  NICKEL  IN  A  FLUORINE  ATMOSPHERE  AT  700-850 

A.  V.  Kurdyxmov,  V.  N.  Goloborodov,  M.  A.  Stepeinov 

(Moscow  Institute  of  Steel  and  Alloys, 

Chair  of  the  Technology  of  Casting  Processes) 


According  to  literattireodata  nickel  is  the  stablest  metal  in  a 
fluorine  atmosphere  at  500-600  /l,2/.  Under  these  conditions  a 
yellowish-green  film  of  fluoride,  protecting  nickel  from  intensive 
attack,  will  be  formed  gn  nickel  surfaces.  When  the  temperature  is 
increased  above  600-?00  the  protective  properties  of  the  fluoride  film 
are  reduced  and  corrosional  attack  of  nickel  increases  sharply.  It  is 
assumed  that  to  improve  the  con’osional  ijtability  of  meteds  including 
nickel,  it  is  necessary  to  alloy  it  by  such  metals  as  exhibit  higiier 
affinity  to  fluoride  than  the  alloyed  metal,  and  produce  dense  fluoride 
films  which  are  melted  and  vaporized  at  higgler  temperatures  than  the 
fluoride  of  the  basis  metal.  Magnesium  and  calciinn  are  alloying 
elements  suitable  for  nickel.  Several  physical-chemical  properties  of 
the  fluorides  of  these  elements  are  presented  in  Table  1  /5-5/* 


Physico-Chemical  Properties  of  Fluoride 


TABLE  1 


(a)  C»oAct»o,  paaucpiiocTb 

NiFj 

MgPa 

CaFj 

TeMneparjpa  n-iaweiiMu.  ’C  (  b  ) 

Cy6aiiMHpyer  npH 

1225 

1418 

Tennepitypa  KKiicHiin,  'C  (  c  ) 

(f  ):>1000’ 

2260 

2500 

napaMcipu  MCMCHTapiiofi  a>iefiKi(,  A 

a=4.710 

a=4.64 

a— 5  45 

t'  ^  ^  d  ) 

(.aoOojHat  jKcprHa  0<Spa30BaHH« 

c=5.MS 

c=3.06 

KKaa-Ka  r-aion  ^ropa  apH  27*(e) 

-73 

-125 

—138 

LEGEND:  a)  Property,  dimension;  b)  Melting  point;  c) 
Boiling  point;  d)  Elementary  cell  parameters,  AU;  e)  Free 
energy  of  formation,  kcal  per  g-atom  of  fluorine  at  2?®;  f) 
Sublimates  at  t  >  1000*. 
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Alloja  w«r«  prepared  (Tabla  2)  to  wr±tj  this  aooitaiption, 

Dtt*  to  tii«  largo  dlfforoaeo  la  tho  phyalcal-ehoaical 
proportioa  of  alckolt  aagaoaiaa,  aad  ealeiwit  aad  alao  in  trlew 
of  tho  iatoasioa  abaerptloa  of  hydrogoa,  Boltiag  of  tboao  alloya 
proaonta  eortala  diffieultios.  Addlag  aagaosiaa  aad  ealclua  to 
alckol  la  aecoapaaiad  by  a  largo  tboraal  of foot  that  loads  to 
latoaaiTo  hoatiag  of  tbo  aolt  aad  proaotoa  coataaiaation  by  its 
oxido  aad  gaa  iacluaioaa.  To  avoid  gaa  abaorptioa  tho  alloy 
aoltiag  waa  coaductod  uador  flux  in  aagnoaito  or  aluaiaua  crucibles 
la  a  hlgb-froquoBcy  furaaeo. 

The  atartiag  aatoriala  ia  alloy  preparation  were  the 
followiag:  Nickel  electrolytOf  distilled  calciua,  and  the  Mi  > 

Mg  alloy  i30i  Mg). 

TABLE  2 

Properties  of  Alloys  Investigated 


m 

B 

«• 

XKMHWeCKHH  COC- 
^0  lUHXTC.  % 

.•(c) 

1’^ 

vCL 

B  ao 

1-  u 

(d)  V 

ycJOBKg  no.iy4ciiM!i  caiasa 

05 

* 

V  w/ 

Ml 

Ca 

Ni 

I 

— 

— 

too 

71 

TKrejB  MarHeaHTOBuA.  ^.tioc  crCKao.  PacKMOicHHC 

Mf  npoHSBoaHaocB  (e) 

2 

“*• 

IA 

OCT. 

61 

TMreak  MarHcaMToautl.  4>*aioc  Ca  F«+Me  Fj 
(50  Bee.  H)  CfT 

3 

— 

2A 

84 

4 

— 

4.0 

—  ^ - 

121 

5 

6 

1^ 

2.5 

— 

130 

139 

Tureab  ajyiapBuA.4>aioc£aF3+MgFj(5^Be^.  %) 

7 

6J0 

- 0 - 

260 

Twreab  MarHcaHTOBuA.  <PaiOC  CaFj+MgF,  (f ) 

11 

2.5 

2.5 

- • 

116 

12 

1.5 

IA 

93 

— (g) 

27 

— 

100 

60 

TKre.Ti>  aayHaoBufi.  4>a»c  Ca  Fj-f  Mg  F,  (50  see.  % 
PacKMCJMTeab— warHHK  (  h  ) 

28 

— 

iOO 

63 

Ttircab  ajyHaoBuA.  «Pa»c  CaFj+MgFj.  Bca  pac- 
KNCjeHMB  (i)  (g) 

3: 

6.0 

— 

OCT. 

248 

Tjtrejb  aayitaoBuA.  4>jioc  Ca  F,-f  Mg  F,  (50  sec.  H) 

40 

6.0 

1  ~ 

OCT. 

253 

Tereab  MarneaMTOBuS.  4’aioc  Ca  Fj+Mg  F«  (  f  } 

LEGENBt  a)  All(^  ^o;  b)  Chesdeal  coa^osition  in  charge, 
c)  Hardness,  kg/nun^;  d)  Conditions  of  alloy  production;  e) 
Magnesite  crucible,  glass  flux,  deoxidation  not  done;  f) 
Magnesite  crdcible,  Iluxi  CaPp  +  MgF_  (50  wei^t  percent);  g) 
AluaduB  crucible,  flux*  CaF^  *  ^^2  weig^it  percent);  i) 
Deoxidation  not  done)  CA}Oeo«/d/iter^^Af 
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FIGURE  1.  Microstructtire  of  alloys  of  nickel  with  calcium  and 
magnesium  in  the  cast  state.  Etchant  HKO-  (itl),  X  200.  a  - 
Ni  +  2.5^  Ca;  b  -  Ni  +  4.0?^  Ca;  c  -  Hi  +  ^1.^  Mgj  d  -  Ni  + 

2.- 59^  Mgf  e  -  Ni  +  6.0"^  Mgj  f  -  Ni  +  1.59^  Ca  +  1.59^  Mgj  g  - 
Ni  +  2.59^  Ca  2.59^  ViS 


Used  as  flux  was  the  powdered  alloy  of  magnesium  and  calcixua 
fluorides  (509^  Ca  Fg  +  50^  Mg  F2).  The  nickel-magnesium  alloy  was 
prepared  by  dissolving  nickel  in  molten  magnesium  at  800-650®  xuider  a 
layer  of  VIZ  flxxx  consisting  of  an  alloy  of  the  chloride  salts  of 
magnesium,  potassium,  sodium,  calciiua  fluoride,  and  magnssiiun  oxide 
/6/ . 

Melting  was  carried  out  in  the  following  order.  Nickel  was 
loaded  into  a  cold  crucible,  the  surface  of  the  nickel  being  sprinkled 
w5.th  flux.  The  nickel  was  melted;  the  Ni  -  Mg  alloy  or  pure  calcium 
was  added  to  the  melt. 

To  reduce  the  losses  of  the  alloying  elements  the  melting  was 
intensively  mixed  with  a  quartz  rod.  In  the  preparation  of  alloys  with 
magnesitun  and  calcium,  calcium  was  introduced  last.  After  thorough 
mixing  the  melt  was  poured  into  a  metallic  casting  mold.  Vacuum  oil 
was  used  to  lubricate  the  casting  mold.  The  ingots  produced  were 
cleaned  of  oxide  films  and  brnm^  and  were  cut  into  samples  for  testing. 

The  hardness  of  the  alloys  in  the  cast  state  was  determined  by 
use  of  a  Brinell  press  with  a  ball  diameter  cf  lOmro  and  a  JOOO  kg  load 
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(Se«  Tabic  2).  Va  can  sac  with  increased  calcium  and  oa^asium  content 
the  hardness  of  the  alloys  rises*  The  hardnsss  increases  especially 
rapidly  in  alloys  containing  magnesium. 

The  microstructure  of  cast  alloys  is  shown  in  Figure  1. 

^  the  Ni-Ca  alloys*  after  etching  with  dilute  nitric  acid  (itl) 
nickel-rich  solid  solution  dendrites  are  clearly  evident*  along  the 
boundaries  of  which  the  eutectic  will  be  demarcated.  Vi  thin  in  the 
calcium  content  the  eutectic  content  will  be  increased  (Figure  la*  b). 

The  microstructure  of  Ni-Hg  nlloys*  analogous  to  the  microstructure 
of  Ni-Ca  alloys*  is  represented  by  nickel-rich  solid  solution  dendrites. 
Between  them  a  eutectic  will  be  delimited*  one  constituent  of  which  is 
Nip  Mg.  The  solid  solution  dendrites  in  the  Ni-Mg  alloys  are  more 
branched  than  in  the  Ni-Ca  alloys*  The  amount  of  eutectic  for  the  same 
percentage  of  alloying  additions  is  the  larger*  and  its  structure  is 
the  finer  (Figure  1  c*d*e)  /than  the  Hi-Ca  alloys/* 

The  Ni-Mg-Ca  alloys  show  the  same  microstructure  as  the 
binary  alloys.  In  terms  of  the  quantity  of  eutectic  they  occupy  a 
oidposition  between  the  binary  alloys  of  nickel  with  calcitua  and 
magnesium  (Figure  1,  f*g). 

Corrosional  tests  were  conducted  in  reactors  consisting  of 
steel  pipes  lined  with  m^ilten  alloy  of  fluorides  of  calcium  and 
magnesium*  or  enameled  with  sn  alloy  of  fluorides.  For  certain 
experiments  nickel  pipes  served  as  the  reactor* 

Saoples  consisting  of  small  cubes  with  10-12mm  edges  and  surface- 
cleaned  with  emery  paper  were  weired  and  placed  in  a  horizontal  tubular 
reactor  on  a  nickel  support*  where  they  were  kept  at  the  given  temp¬ 
erature  in  a  fluorine  atmosphere  for  a  certain  interval  of  time.  The 
reactor  was  placed  in  a  tubular  detachable  furnace  with  a  nichrome 
heater.  A  ^-7  m  t  gap  was  left  between  the  reactor  wall  and  the  furnace 
wall  to  warn  of  local  overheating,  ^e  tea^erature  was  aeasxired  tgr 
means  of  a  chromsl-alumel  thsrmoooupls  placed  inside  the  reactor  in  a 
nickel  case.  The  teoqperature  set  was  maintained  automatically  by 
means  of  the  SBM-47  instnuaent. 

The  consumption  of  gas  was  recorded  with  a  diaphragm  manometer 
and  was  grams/hour.  Fluorine  was  produced  py  electrolysis  of 

potassium  trifluorids  and  was  cleaned  free  of  hydrogen  Huoride  on  the 
sodium  chloride  granules.  After  purification  the  gas  contained  92- 
99^  F*  HF*  1-2JC  H,  and  inert  ia^jurities. 

Before  the  tests  were  begun  the  reactor  was  swept  through  with 
fluorine  for  10-12  minutes.  The  electric  beater  was  turned  on  when  the 
entering  gas  flow  became  constant;  the  temperature  was  raised  to  the 
level  chosen  and  maintained  for  the  entire  esqperiment  (3**10  hours). 

The  samples -containing  reactor  was  cooled  to  room  temperature  as 
fluorine  was  fed  in  continuously.  The  ssBq>les  tmderwsnt  examination* 
weighing  and  metallogr«phic  analysis  (determination  of  the  thickness 
of  the  layer  attacked).  IJsxtal  fozsulas  were  used  in  calculating  the 
weight  index  of  the  corrosion  weight  /7/.  Sstimation  of  the  corrosion 
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rate  from  the  weight  increasca  was  hampered  by  the  crumbling  of  the 
corrosion  products,  and  by  weight  losses  due  to  their  incomplete 
removal  from  the  surface  of  the  samples  before  veiling. 

The  results  of  the  to-st  are  presented  in  Table  3  and  Figures 
2-5.  As  we  C£m  see  from  Table  3>  ihe  values  of  the  corrosion  rate  under 
the  same  testing  conditions  fluctuated  within  broad  intervals. 


FIGURE  2.  Change  in  weight  of  ssusples 
of  the  alloy  fii  +  6?^  Mg  as  a  function  oi 
time  of  fluoidne  exposure  at  750“.  2 

LEGEND:  a)  Weight  increment,  mg/cm  ; 
b)  Exposure  time,  hours 
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FIGURE  5*  Nature  of  corrosional  attack  of 
nickel  and  alloys  of  nickel  with  magnesiiun 
and  calciiim  fcr  five-hour  exposure  in 
fliiorine  at  700®,  X  200.  a  -  Ni  deoxidized 
I  -  Ni  +  1.5^  Ca;  c  -  Ni  +  65^  Mg;  d  - 
Ni  +  6^  Mg;  exposed  for  20  hours;  e  -  Ni  + 
1.5/^  ffe  +  1.5^  Ca. 
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index  of  corrosion,  g/m^-hx;  d)  Thickness  of  attacked  layer,  mm; 
e)  Material  of  reactor;  f)  Temperature;  g)  Exposure  time,  hours; 
h)  Fluorides;  i)  Siamel;  j)  Nickel;  k)  Sample  wholly  des¬ 
troyed;  1)  Wholly  destroyed;  m)  Very  intense  destruction,  Wholly 
destroyed. 
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o«u««  of  ouch  behavior  of  the  saterial  can  be  both  oorrorion  of 
the  cubetretUB  aad  the  reactor  aa  veil  aa  the  atreaaea  appearin^r  in 
the  fo^^ng  fluoride  filB.  !%e  hii^er  theae  atreaaea,  the  moxo  aeverely 
the  filB  %dll  be  cracked,  the  greator  the  fluoride  loaa,  and  the  atill 
greater  diatortion  that  can  appear  in  eatiaation  of  the  corroaion  rates. 
Particularljr,  one  should  take  note  of  the  brittlenesa  of  the  nickel 
fluoride,  vhose  partiolea  break  away  during  the  tise  the  saople  is 
exposed  at  roon  tei^erature.  The  criteria  of  Filling  and  Bedvorts  for 
x^ckel  fluoride  foraing  on  the  filsi  is  about  5^33*  This  gives  us 
reason  to  asadne  that  the  continuity  of  the  filn  is  disturbed  as  the 
result  of  internal  stresses  developing. 


FI50EE  4«'  Effect  of  tenq^erature  PIGDHE  5*  Effect  of  ti.::e  of 

on  thickness  of  attacked  layer  of  fluorine  exposure  on  thickness 

alloy  for  five-hour  exposure  ic  of  attacked  layer  in  the  alloy- 

fluorine.  Figures  above  the  curves  Ei  +  Hg  at  750*. 
denote  alloy  nunber  (See  Table  3).  LEGE^x  a)  Thickness  of 
liEGENB:  a)  Thickness  of  attacked  attacked  IflQrer,  Bm.i  o)  hur¬ 
ley  er,  m  at  Ion  of  exposure,  hours 


Irfhen  coBparing  the  corrosion  rate  of  ziiokel  and  its  alloys^ 
with  Bsgnesixui  and  calcitOR  ba0»d  on  the  weight  index  it  is  possible 
to  see  that  the  stability  9i'-Hg  alloys  in  ssteral  ssqpsrisents  excssde 
the  stability  of  nickol..  In  addition,  a  dsnss,  haxd-to-rsBOve 
fluori^  filx  of  grey  or  grayish-green  fozsui  on  the  surface  of  the 
sssples  of  li-^  alleys*  ISib  3ti-Ca  and  li-C^-llg  alloys  are  un¬ 
stable  under  siailar  tasting  conditions. 

Additional  data  on  the  stabili-^  of  ths  iiatsrial  is  given  by 
awtta].ogrAphic  investigation* 
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study  of  microaections  reveals  that  almost  all  the  alloys 
investigated  after  corrosion  testing  exhibit  along  the  edges  of  the 
sample  sharply  delimited  layers  different  from  the  mein  metal  in 
structure  and  etchibility.  !Rie  microstructure  of  ruch  layers  is  a 
conglomerate  of  grains  of  unattacked  metal  (alpha-solid  solution) 
and  fluorides  of  attacked  eutectic.  In  most  cases,  independent  of  the 
thickness  of  such  a  layer,  grains  of  the  alpha-solid  solution  are 
found  almost  at  the  very  surface  of  the  sample  (See  Figure  3)*  This 
fact  evidently  promotes  ti^t  adhesion  of  the  corrosion  products  with 
the  metal  aiirface. 

In  the  Ni-Ca  alloys  the  thickness  of  the  attacked  layer  is 
significantly  greater  than  in  the  Ni-Wg  alloys.  With  increased 
calcium  content  and  with  increased  eoqposure  and  heating  temperature 
the  width  of  the  attacked  layer  is  increased.  In  Ni-Mg  alloys  the 
thickness  of  the  attacked  layer  changes  little  with  variation  in 
magnesium  content.  The  melting  conditions  have  some  effect  on  the 
corrosion  rate  of  the  Ni-Mg  alloys.  When  melting  is  carried  out  in 
alundum  crucibles  attack  of  the  alloys  proceeds  more  slowly  than  when 
melting  is  carried  out  in  crucibles  made  of  unmelted'  magnesite. 

Just  as  for  the  Ni-Ca  alloys,  increase  in  heating  temperature 
and  duration  of  treatment  in  tasting  is  accompanied  by  increased  width 
of  the  layer  attacked  (See  Figures  4»5)*  The  corrosion  rate  however 
with  increase  in  exposure  time  becomes  less  directly  proportional 
(See  Figure  2).  The  size  of  the  corrosion  foci  are  indirect  dependence 
on  temperatxxre .  The  higher  "the  temperatvire,  the  coarser  the  eutectic 
and  the  larger  the  grains  of  the  alpha-solid  solution,  the  more 
extensive  will  be  the  corrosion  foci. 

Preliminary  exposure  of  the  samples  of  Ni-Mg  samples  in 
fluorine  at  600-650",  as  specially  conducted  experiments  shoved, 
promotes  a  slow  down  in  the  corrosion  rate  at  higher  temperatures. 

Breakdown  of  the  cast  nickel  takes  place  due  to  broadening  of 
the  boundaries  between  the  grains  and  their  pulverization  in  the  layer 
adjoining  the  sample  surface  (See  Figure  j)*  In  addition,  formation  of 
a  solid  fluoride  film  takes  place.  However,  due  to  brittleness,  when 
the  section  is  prepared  the  film  separates  from  the  metal  and  does  not 
become  part  of  the  thickness  of  the  attacked  layer  as  determined  under 
the  microscope.  With  increase  in  temperature  or  increase  of  time  of 
exposure  in  fluorine  the  width  of  the  layer  containing  the  broadened 
grain  boundaries  is  increased. 

It  must  be  noted  that  oxygen  present  in  nickel  as  the  eutectic 
Ni  +  Ni  0  has  no  appreciable  affect  on  the  corrosion  rate  (See  Table 

3). 

VQien  the  results  of  the  corrosional  resistance  of  nickel  and 
its  alloys  with  magnesium  and  calcium  obtained  by  veiling,  and 
external  appearance  are  compared,  along  with  measurement  of  the 
thickness  of  the  attacked  layer,  it  can  be  seen  that  the  most  resistant 
are  alloys  of  nickel  with  magnesium. 
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Such  behtivior  of  th«  Ni-Hg  alloys  oan  be  explained  li^  the  fact 
that  the  aioall  radius  of  the  magnesium  ion  (O.63  All)  is  favored  by  its 
rapid  diffusion  toward  :lie  reaction  centers.  In  as  such  an  the  energy 
of  formation  of  magnesium  fluoride  is  higher  than  the  energy  of 
formation  of  nickel  fluoride,  it  can  be  assumed  that  the  film  on  the 
surface  consists  almost  wholly  of  dense  magnesium  fluoride  quite 
markedly  inhibiting  the  diffusion  of  fluorine  xo  the  reaction  centers. 

The  buildup  of  the  layer  of  fluorides  with  increased  duration  of 
treatment  occurs  evidently  due  to  diffusion  of  the  magnesium  ions 
throu^  the  film  formed,  which  is  also  ispeded  in  view  of  the  relatively 
small  dimensions  ol  the  elementary  cell  of  magnesium  fluorides  (a  «  4<64> 
c  -  3.O6  AU). 

Of  the  alloys  of  nickel  with  magnesium  the  one  with  the  best 
corrosional  resistance  in  fluorine  at  700-730*  la  the  alloy  containing 
6^  Mig.  This  alloy  is  interesting  both  from  the  technological  as  well  as 
the  economic  point  of  view  —  it  is  simpler  to  cast  and  cheaper  than 
pure  nickel. 

Ve  must  note  thst  the  assuspticn  of  the  increase  in  nickel 
resistance  by  means  of  its  alloying  with  calcium  is  not  completely 
justified.  The  alloys  containing  calcitus  appeared  in  all  cases  to  be 
less  resistant  than  pure  nickel. 

CONCLUSIONS 

1.  The  hardness,  corrosional  resistance  in  fluorine  at  700-830*, 
and  the  microatructure  of  nickel  and  its  alloys  with  magnesium  (  to  6 
weight  percent)  and  with  calcium  (to  4  weight  percent)  in  the  cast  state 
have  been  studied. 

2.  It  was  estabJ.ished  that  the  alloying  of  nickel  with  calfeium 
woraena  its  corrosional  stability.  Alloying  with  magnesium  not  only 
does  not  diminish,  but  in  several  cases  favors  increase  in  nickel 
resistance.  The  reason  for  the  increased  resistance  of  nickel  xmder 
these  conditions  can  be  found  in  the  formation  of  a  denser,  stronger, 
and  harder  to  remove  film  of  magnesium  fluoride. 

3.  Alloys  of  nickel  with  magnesium  can  be  succeasfully  fused 
in  fluorine-containing  gaseous  media  at  elevated  temperatiures. 


200 


LITERATURE 


1.  Landajr,  Rosen,  Ind.  Eptcng.  Che««.  59.  28l  (19^7)* 

2.  Mar tin j,  Steindler,  Vogel,  Richard  C.,  Chea.  Abstra..  ▼. 

51,  No  17,  1957. 

3.  ^yas,  I.  G«.  Kfaiaiya  ftora  i  ego  neoraanlcheskikh  soyedin- 
eniT  (Cheaistry  of  Fluorine  and  Its  Inorganic  Coapounds ) , 
Goskhiaizdat,  Moscov,  195^. 

4.  Ftor  i  gSo,.fl«?ygaiB?Bl.Tt  (Fluorine  and  Its  Coapounda,  Vol  1, 
ed.  J.  Siaons,  For.  Lit.  Publ*  House,  Moscow,  1953. 

5.  Cheaik,  No  21,  1959  (Pol'sk). 

6.  Alttaan,  M.  B.,  Lebedev,  A.  A.,  Polyanskiy,  A.  P.,  Chukhrov, 
M.  V.,  Plavka  1  lit* ye  legkikh  splavov  (Melting  and  Casting 
of  Light  Alloys),  Metallurgizdat,  1956. 

7»  Zhuk,  K.  P. ,  Korroziya  1  zashchita  netaillov  (Corrosion  and 
Protection  of  Metals;,  Mashgiz,  1957. 


Received  by  Editor 
22  April  1963 


REVIEW  OF  THE  BOOK  BT  N.  A.  IWfiONIN,  KAL'TSIY 
A.  F.  Alabyshev,  A.  6.  Moratchevskiy 


In  recent  years  several  soall  monographs  have  appeared  dealing 
with  the  properties  and  technology  of  the  production  of  sodiuri, 
potassium,  lithium,  bexyllitim,  and  several  other  metals,  whose  role 
in  modem  industry  is  ever  mounting  .  One  of  these  is  the  recently 
published  book  by  N,  A.  Boronin,  Kal^taiy,  /Calcium/  (Gosatomizdat, 

1962),  in  which  the  properties  and  technology  of  the  production  of 
metallic  calcixun  are  described  in  detail.  The  rise  in  calcium 
production  in  the  last  decade  is  bound  up  with  the  growth  of  the 
production  of  infusible  rare  metals)  Zi,  Ti,  Ta,  Th,  U,  etc), 
and  also  with  production  of  hi^-quality  steels*  In  the  monograph 
reviewed  the  technological  processes  of  producing  metallic  calcixun  are 
described  in  detail,  both  for  the  electrolysis  method,  as  well  as  for 
methods  based  on  metallothemy  or  thermal  dissociation  of  calcium 
carbide.  Described  in  close  detail,  both  as  to  theoretical  fundamentals, 
as  well  as  in  technology,  is  an  important  industrial  method  of 
producing  calcium  —  electrolysis  of  Ca  Cl^  with  a  liquid  copper  cathode 
followed  by  vacuum  distillation  of  the  calcium  from  the  alloy. 

The  book  presents  information  on  natural  calcium  carbonates  and 
their  calcining  (Chapters  I  and  II),  the  physical  and  chemical  properties 
of  metallic  calcium  are  described,  in  addition  to  which  compotinds  with 
oxygen,  carbon,  nitrogen,  and  the  most  important  salts  —  Ca  Cl2»  Ca  F^, 
and  others  (Chapter  III).  Since  the  main  raw  material  in  electrolysis^ 
is  Ca  CI2,  N.  A.  Doronin  has  described  in  detail  the  production  of 
water— free  cslcivan  chloride  (Chapter  IV),  and  also  has  given  the 
physico-chemical  properties  of  .the  most  useful  electrolyte  Ca  Cl„  - 
KCl  (Chapter  V).  The  last  divisions  of  the  book  are  concerned  with  the 
theory  and  toc'-'jology  of  calcixaa  production,  mainly  in  baths  fitted  with 
a  "liquid  cathode"  (Chapters  VI  and  VIl),  vacuum  distillation  of  calcium 
from  a  copper- calcium  alloy  (Chapter  VIII),  the  production  of  calcium 
by  means  of  metallic  reducing  agents,  and  means  of  the  thermal 
dissociation  of  calcium  carbide  (Chapters  IX-XI).  Examined  in 
Chapters  XII,  XIII,  and  XIV,  are:  production  of  hi^  purity  calcium  by 
distillation  methods,  rules  for  storing  calcium  and  calcitim  alloys. 
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information  on  vacuum  pumps  used  in  industry. 

Much  of  the  information  is  technological  in  nattire,  dealing 
directly  with  the  process  of  producing  calcium  by  electrolysis,  the 
first  book  on  the  subject  to  be  published  in  such  detail  /See  Note/ 
and  its  issuance  undoubtedly  should  be  welcomed. 

(/note/  These  problems  have  been  examined  more  briefly  in  the 
first  monograph  ly  N.  A.  Doronin,  Metalli^giya  kal*tsiya  /Metallurgy 
of  Calciiua/,  Gosatomizdat,  Moscow,  1959V) 

However,  the  book  is  not  free  of  several  shortcomings  reducing 
its  worth.  ^>'ite  unsuccessful  in  style  of  presentation  are  these  pages 
of  the  book  where  the  author  x^rdtes  in  the  popular  vein,  and  rrequently 
becomes  out  of  date  and  even  incorrect  in  his  treatment  of  such  impor¬ 
tant  concepts  of  physical  chemistry  as  the  notion  of  the  voltage  series 
(pages  28  and  29),  equivalent  electroconductivity  (page  69),  decomposi¬ 
tion  voltages  (page  75),  current-based  and  energy-based  yields  (page  75), 
pressure  of  satxrrated  vapor  and  tne  Ciapeyron-  Clausius  equation  (page  107 ) , 
the  Bayleig^  law  and  the  vapor  pressure  above  alloys  (page  llO),  chemical 
affinity  (pages  125  and  126),  and  the  equation  of  the  chemical  reaction 
isotherm  (page  128).  As  an  illustration  we  can  present  the  following 
statements:  “If  the  copper-calcium  alloy  is  heated  to  a  temperature 
of  1500*  C,  then  its  content  of  calcium  will  boil  ana  be  vaporized..." 

(Page  110).  On  page  128  we  can  read:  “For  high  temperatures  at  total 
pressure  up  to  one  atmosphere  we  can  equate  without  large  error  the 
original  activity  of  the  gaseous  section  of  the  reaction  to  its 
original  partial  pressirre."  A  list  of  such  errors  in  the  style  of 
presentation  can  be  enumerated  at  length.  It  also  does  not  follow, 
in  presenting  the  Nemst  eqxuition  or  the  equation  of  the  chemical 
reaction  isotherm,  to  cite  the  book  by  Kh.  L.  Strel' ts  et  ai,  Metallurgiya 
magniya  (Metallurgy  of  Magnesium). 

Of  course,  it  is  difficult  in  very  brief  form  to  present  the 
most  general  propositions  of  thermodynamics  or  electrochemistry,  and 
this  is  reflected  in  parts  of  the  book  ty  N.  A.  Doronin.  However, 
all  these  general  questions  must  be  assiuned  to  be  known  to  the  reader, 
and  then  the  exposition  could  have  been  presented  more  rigorously  euid 
clearly. 

There  is  entirely  no  need  in  a  special  monograph  intended  for 
engineering  technicians  to  make  such  a  footnote  as  the  following 
(page  125):  "Ve  understand  as  free  energy  the  portion  of  the  heat 
effect  of  a  reaction  which  in  the  ideal  case  can  be  wholly  transformed 
into  work."  This  is  of  the  more  illcgically  done  on  page  125  since 
the  term  "free  energy"  has  already  been  used  by  the  author  tens  of 
times  in  previous  pages.  Incidentally,  the  change  in  free  energy  is 
represented  on  page  I5  by  APy,og  page  27  as  ^  P,  on  page  5I  as 
and  on  page  25  again  as  F^. 

It  is  pointed  out  on  page  39  'th&t  the  reaction  Ca  +  Cl  *  Ca  Cl 
is  accompanied  by  the  evolution  of  I90  kcal/mole  of  heat,  while  on  page 
62  the  heat  of  formation  of  Ca  Cl^  is  presented  as  155  kcal.  On  page 


39  it  ±9  stated  that  the  melting  point  of  Ca  Cl^  i*  772*,  and  on 
pa^  62  (Table  20)  ve  eee  it  given  a«  722*,  for  eoM  refieon.  On 
page  62  the  aelting  point  of  KOI  is  given  incorreotly.  Often  the 
texas  and  expressions  used  in  calculating  equllibriua«i  in  die* 
cuesing  the  phase  diagraas  are  often  poorly  chosen.  One  should  not 
write  '*iaixture  of  crystals'*  xinder  Figure  38  (89),  since  in  all  cases 
there  is  present  only  the  crystals  of  one  specific  type  —  the  solid 
phase  ^one.  The  compoiind  KCl'CaClg  is  a  coherently  aelting  con5)ound, 
therefore  one  should  not  write  that^it  decoaposes  at  temperatures 
above  754*  (page  64).  One  should  use  in  place  of  the  imprecise  terms 
"stable"  and  "unstable"  chemical  conqpound  (i>age  86)  the  widely  ac¬ 
cepted  term  —  coherently  aelting  and  incohf'rently  aelting  compound. 

On  page  74 1  he  uses  unnecessarily  such  various  terms, 

employed  synonymously,  as  "decoa5)osition  voltage",  "emf  of  polar¬ 
ization",  “decoaposition  potential",  "standard  emf".  This  is  a 
completely  unnecessary  proliferation  of  terms,  ^d  kcal/mole,  and  not 
cal/mole  should  designate  the  ordinate  axis  for  Figures  52  and  53 
(pages  127  and  129),  *uad  no  figures  are  given  at  all  for  Figures  65  b 
(psCge  160).  The  stoichiometric  coefficient  is  omitted  entirely  on 
P*ge  35  in  describing  the  reaction  of  formation  of  carbide.  The 
assertion  of  the  author  that  ions  participate  in  carbidothermic 
production  stimds  as  improven. 

It  is  much  to  beiegretted  that  no  references  to  the  literature 
are  given  in  the  text,  the  exception  being  only  in  several  cases  where 
the  last  names  of  authors  referred  to  are  given.  The  list  of  studies 
used  at  the  end  of  the  book  is  far  from  esdiaustive*  No  list  of  errors 
is  included  in  the  book,  but  this  does  not  mean  that  there  are  none 
(on  page  186  alone  ve  noted  three). 

The  book  by  N.  A,  Poronin,  Kal'tsiy,  is  a  valuable  and 
necessary  monograph  on  the  technology  of  producing  metallic  calcium, 
the  problems  it  considers  is  of  interest  not  only  for  workers  in  the 
calcium  industry,  but  also  for  a  broad  raxige  of  electrocheaists  and 
technologists.  However,  it  is  a  pity  that  Gosatomizdat  has  published 
it  without  responsible  scientific  editing. 
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